DOCUMENT RESUME 



ED 300 237 



SE 049 752 



AUTHOR 
TITLE 



INSTITUTION 

REPORT NO 
PUB DATE 
NOTE 



AVAILABLE FROM 



PUB TYPE 



RiquartSr Kurt^ Ed, 

Technology Education: Science--Technology-Society . 
Science and Technology Education and the Quality of 
Life, Volume 2. Papers Submitted to the International 
Symposium on World Trends in Science and Technology 
Education (4th, Kiel, West Germany, August 4-12, 
1987) . 

Kiel Univ. (West Germany) . Institut fuer die 
PaelagogiJc der Naturwissenschaften. 
ISBN-3-89068-0i9-3 
87 

448p.; For ^^olume 1, see SE 049 751, volume 3, see SE 
049 7£3. Contains small print which may not reproduce 
well. 

Institute for Science Education (IPN), D-2300 Kiel 1, 
Olshausenstrasse 62, Federal Republic of Germany. 
Collected Works - Conference Proceedings (021) — 
Reports - Descriptive (141) 



EDRS PRICE MFOl Plus Postage. PC Not Available from EDRS. 

DESCRIPTORS Career Education; Citizenship Education; *College 

Science; Conferences; Elementary School Science; 

Elementary Secondary Education; Higher ^Education; 

^Science and Soc:ety; Science Curriculum; *Science 

Education; ^Science Instruction; Science Teachers; 

Secondary School Science; Technological Literacy; 

^Technology 

IDENTIFIERS * International Organization Science and Tech Educ; 
Science Indicators 

ABSTRACT 

This is the second of a three-volume set containing 
papers related to the theme of science and technology education. This 
volume relates technology education and science-technology-society 
(STS) to the quality of life with respect to: (1) the impact on 
everyday life situations; (2) decisions a responsible citizen has to 
make when dealing with controversial societal issues; and (3) the 
impact oa future careers and the potential impact on the future 
products of scientific and technological research on careers. The 
symposium consisted of three working groups dealing with these areas 
from the point of view of science education; technology education; 
aind science, technology and society (STS). (ML) 



********************************************************************* 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



Kurt Riquarts (ed.) 



V; 




U.S. DEPARTMENT OF EDUCATION 

0«ca o< Educ«tK)Oti Recwrch and Jmpcovement 
^EDUCA^ONAt^RE^URCES^'NFORMA^ON 

ortoinatino it 
D Minor Changes hav. Men made to .mprov. 
reproduction q uality. 

' r!'dtr=^reX«a. 

OERI position Of policy. 

"PERMISSION TO REPRODUCE THIS 
MATERIAL IN MICROFICHE ONLY 
HAS BEEN GRANTED BY 



TO THE EDUCATIONAL RESOURCES 
.^NFORMATION CENTER (ERIC)." 



Kurt Riquarts (ed.) 

Science and 
Technology Education 
and the Quality of Life 

Volume 2 



BEST copymmif 

11114 

W 

iPN - Materialien .m 



ERJC 



IPN - Materialien 



Kurt Riquarts (ed.) 



Science and Technology Education 
and the Quality of L 'fe 

Volume 2 

Technology Education 
Science -Technology-Society 



Papers submitted to the 4th International 
Symposium on World Trends in Science and 
Technology Education 
Kiel, 4 -12 August 1987 



iPN 



Institute for Science Education 
at Kiel University 



Board of Directors 

Karl Frey, Managing Director 
Horst Bayrhuber 
Thorsten Kapune 
Heinrich Stork 
Walter Westphal 

Reinders Duit, Ctiairman Advisory Council 



ISBN 3-89088-019-3 
©1987 

institute for Science Education (IPN) 
D-2300 Kiel 1, Olshausenslrasse 62 
Federal Republic of Germany 



ERIC 



5 



Foreword 



This synposium will be the fourth in a series initiated in 
fCr^^f^^-f"?*^"' /V*'"" ^"5)' continued In No«iSam 
DSer^SsJ": """'^ ^'"^ ^""^ ^'^"''^'^^ (Australia! 

This two-volume publication contains 104 papers to be 
?rP^d"-'^ f -^'''' International SymposiuS on World 
JSr?^ci-r^r"2" Technology Education, organized by 
RepubUc'of r.r^L^^^-"" ^'^''"t"" (IPN)/Kiel, Federal 
Republic of Germany, m cooperation with the International 

Technology Education ??0STE1 
and the PSdagogische Hochschule Kiel. liosifcj 

the^?^S^r«? ALi^Ki^"*^ ^H^^^ °" lOSTE conmiitee and 

Science and technology education and the quality of life. 

tlitilt f;'^i-|f''"?i2«>' education will be related to the 
quality or life with respect to 

(1) the impact on everyday life situations 

^ responsible citizen has to make when dealine 
with (controversial) societal issues aeaimg 

^he f^Srn^Pi" i^V'^'t careers, and the potential impact on 
«:r^h'"on%1rL"f""^ °' scientific and technological re- 

If"few°of'"^ ^""P' ^^^^ "^^^ "•'"^ f"-" the point 

(1) science education 

(2) technology education 

(3) science, technology and society (STS). 

tirATs ^^slgneS"^^"" ^" '""^ P^P"^ categorized 

(1) one of the groups 

(2) the content area 1-3. 

Obviously, this large number of papers cannot be read at rh^ 
symposium. As pointed out in the iSvitatiSn the presentation 
of the papers will be through discussion in Ihl Sorklng groSps. 

EHnrpMn""^?^"^ the papers relevant to the theme of Science 
gi^nc^e°?;c^SS^^y-^S$c1lt^'^?J?l;?« " ^^^•'-^°«>' HdSc^a?Ior^^e 



VI 
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-general recommendations 

IPN is proud to have been invited to host this symposium and 
to contribute to a genuinely international occasion. 
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PUPILS* LACK OF SOPHISTICATION LEADING TO APPLICATIONS OF 
UNAPPLICABLe PRINCIPLES IN AGROTECHKICAL CONTEXTS 



Poos Dreyfus (The Hebrew University of Jenisalem, Israel) 

mTRODOCTIOH 



A t«chnologic«l context, froa 
tb« point of vi«M of th« mcimncm •ducator, is « situation in 
which ft) A probl«s is to b« solY«d by t«chnologic«l methods; 
b) th« understanding of thm p«raB«t«rs of th« problM, as 
ftoll as of its solution, depends on th« recognition of th« 
applicability of scientific principles. (Jungwirth,1966) Tha 
contribution of tschaology to science education can therefo- 
re be^ invaluable ,in the sense that it provides opportuni- 
ties to learn scientific concepts and principles in meaning- 
ful contexts (Dreyfus, 1987) • 

HoHever, when given such opportunities, pupils often perform 
well below the expectations of the teacher. Their concepts 
mey be "poorly differentiated", because naive knowledge 
"serves the student satisfactorily" and therefore interferes 
with the learning of scientific knowledge (champagne. Guns- 
tone and Klopfer, 1983). "Low-meaningful students** even when 
showing no "intellectual inability to employ the logical the 
logical procedures which underlie solutions to problems", do 
tend to manipulate "different, and erroneous conceptual in- 
formation" (Stewart, 1985). Furthermore, children seem to be 
able to reach the conclusions desired by he teacher, while 
using the wrong conceptions (Eaton, Anderson and Smith, 
1983) . 

The "Science of Life and Ag- 
riculture" curriculum, developed recently in Israel for ru- 
ral and agricultural secondary schools (10th to 12th grade) 
is an agro-biological curriculum. One of its main objectives 
is the ability to recognise the relevance of scientific con- 
cepts and principles in agricultural situali9ns (Feinstein 
and Blum, 1983). Special emphasis was therefore put on the 
evaluation of the achievements of the learners, concerning 
this specific objective • So far, evaluatAon has been focu- 
sed on 10th. grade pupils, i.e. pupils whose scientific 
repertoire (chemistry, physics) is still rudimentary. In one 
of the tests, the pupils were confronted with statements or 
open questions to which they were expected to respond by 
using concepts and principles they had been taught. Later, 
samples of pupils were also interviewed. It was found that 
only a minority responded in the expected way (Dreyfus, 
1986). One of the main patterns of response , specially re- 
levant to the application of principles, will be described 
below. 



PRINCIPLES AS KEYS 



. ^ A lock and key model can be 

used to doscribe the appropriateness of a principle to a 
situation (the term .situation is used to describe any set of 
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conditions Hhich r«<iuir«s clarif ic«tion« •xplanation, or 
solution). A principle (th« k«y) *'fits*' « aitu&tion (the 
lock) if its dcints fit the shape of the situation. The dents 
are the Attributes of the principle, of the concepts it cos- 
prises. 

If any of the dents does not fit, then the key cannot be 
turned i.e. the principle cannot be applied to the specific 
situation. 

If a pupil is £2^ «Nare of the fact that the dent -*«ith 
Hhich he is familiar- does not fit, then he has foraied a 
sisconception about the shape of the dent (i.e at the level 
of the principle to be applied ),or of the rituation, or 
both. 

HoMever, Nher He adapt the level of teaching of concepts 
and princip. <3m to the intellectual and scientific Imvl of 
given pupils. He usually teach a simplified version of the 
principle : He vol\intarily oait certain dents (certain at- 
tributes) Hhich are considered to be beyond reach of the 
pupils. 

The "simple keys** may then be introduced into some non-in- 
tended locks, because the dents nhich could prevent their 
introduction, are missing .The pupils then use, unpredictab- 
ly, "irrelevant keys". They remain unanare of the fact that 
the key does not open the door, because, dealing nith theo- 
retical situations, they have no opportxinity to actually try 
to open it; they are just required to recognise the applica- 
bility of the principle (the possibility to introduce it 
into the lock). 



piXs at various levels of irrelevance* This Hill be shown by 
the very characteristic folloning examples, selected from 
one of the tests administered during the evaluation of one 
of the units of "Sciences of Life and Agriculture",. The 
pupils Here required to explain the neaning of the statement 
"Ruminants do. not compete nith men fox food". The answers 
Here expected to refer to the fact that rtiminants, oning to 
the population .of micro- organisms in their rumen, are able 
to survive on diets in nhich a) cellulose, nhich cannot be 
utilised by the human organism, is the main (or sola) source 
of carbohydrates; b) essential (to the human organism) amino 
acids are lacking. These diets consist of foods nhich are 
unfit for human use. Topics a) and b), regarded to be essen- 
tial knoHledge, had been treated explicitely by the tea- 
chers. However, the test was, on purpose, administered a few 
months after the teaching of the unit. As a result the desi- 
red answer had become less than self-evident to the pupils, 
who were compelled to search for an answer "somewhere in 
their knowledge" (as expressed vividly by one of them). A 
mi.iority found the right principles and only a part of this 
minority related them correctly to thj situation. The majo- 
rity tried something else ("other keys"). 



Wrong keys can be used by pu- 
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WOHO KEYS IW TWf ^ipytfy 

Th« Most r«pr«»«nt«tW« and coiMion typ«s of failure to Bar- 
Ihll^n^b^fon'^^ '° .xp^tation. can b. claa.if Ud, « ^Tirba 
snoMn bttloH, according to thraa factors: 

Vt (?h:y,"^:r^°,',sf °' 

TlfPE > ; 

StS Hi?h ^a^^ °f «°°<1' -° th.t th.y do nS^ CO.! 

^i^?'* * V food", implying th.t th« body can 

profit tNica of on* portion of food. 

Tha ■Isslng dant balongs to that body of non spacific aana- 

uirn^rif ?r "1:^=*' ^" ^•""•"^•"^ *° ^' » Pr.raqSuit. to 
lnclC^°5.? oonsidaration (and i, thus „ore 

na«aly consarvation of matter and anergy : a 

2:u"aS!r2^t:^if?:Vr*:„i:S" ' °^ 

of answer did not a.tablish the'^tn^Sjih "^t 

f^u-!! *i , "i-oPortad" an unexpactad concept 

(rumination) into the problem. They "succeeded " in d^ing so 

ty of their explanation, because of i- he mis^in T ^J" ^hn 
Ztllt''\ °^ the dent, in turn. Has not uncovered by th; tia! 
Ihlrl' th«""lah: "k""' P"* ^" Situations 

ustng HroLlv »";o»'""J " of conflict nhile 

using Hrongly the concept of run-ination. It can therefore 

tMchina^hrd be«2^: th^ 

t!on ?adaBte?lIn"""^ only the spacific aspects of rumina- 
Bination l^^^J" ; """tomy) ana had not dealt nith vhat ru- 
ntS-^ ?^ *'Ph«»os having been put on 

other and nora essential topics). *^ 

Jhe ^!T*^°^ «ophisticat-<on nhich may have prevented 

InLri *° "'^"rC' "O"" have had to cope with 

-2^!tT^^ " 'v' composition of food before and after ru- 
mination, and to have reached a batter understanding of the 
■ignificanca of rumination, beyond the physical asLct« 

be ;Ji:::rr:r '^'r'"" ^.d not bS.n rSa^dSS 

UfA^TSSciu'on!^"'"" " °' '"'P"^' -i-n- 

TYPE B ; 

that human food is not suitable for ruminants In 
?h! or?^?" f""^"«"t» o»» "t only residues from^iSan f«d ? 
tMn!^^'^!:?^*'""" """"^ hare by the pupils mean, - Cubbish 

bi n,: clnn^t III ^'t«C °' «hich h^^an 

u.ings cannot eat (straw, grass, orange peels etc)." 
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Th« r«spond«nts in this cas* had us«d mn ov«rsi»pli£i«d , 
but partially corract principla, iihich Mas , this tima, di- 
ractly ralatad to tha topic undar considaration: 
Tha ovar-siwplif iad principXa : Tha food of ruminants is 
diffarant from huaan food; digastion of ru«inants is diffa- 
rant froa hunan digastion 

Tha aissinq dant ; tha ruminants, in thair intastina, digast 
•xactly lika othar vagatarian aaaaala, and tharafora can 
digast huaan vagatal food. Also, aan doas aat grass (lat- 
tuca,atc) . ZntarviaNS ahowad 

that tha missing dant Mas truly missing: tha raspondants 
claimad that thay did not knoM tha facts about tha intr itine 
of tha ruminants. According to tham, tha causa of thaii fai- 
lura to "undarstand tha subjact** Mas aasy to spot: 
Origin : Taaching strassas vary much tha diffaranca batMaen 
ruainaUt "and htiman digastion and undar-anphasisas tha simi- 
laritias. Taacharm ramain unaitara of pupils* misundars tan- 
ding of tha biological procass. 

Loval of sophistication not raachad , Mhich may hava praven- 
tad tha mrrori tha fata of food after leaving the rumen, in 
terns of nutritional efficiency; nutritional efficiency of 
various feeds . 

It can been seen that the missing dent had brought about a 
curious misconception, namely that it is the rumin&nts who 
are tha ones who can digast lass efficiently than human 
beings. This contradicts school knoMledge (ruminants can 
utilise cellulose , Mhich men cannot), but is consonant with 
personal knowledge (cattle cannot eat meat); again, the res- 
pondents personal knowledge had not been challenged by the 
desired scientific knoMledga. 

Did the pupils oversimplify 
the principle in spite of the efforts of the teachers? Did 
tha teachers unconsciously present an oversimplified form 
of the principle or did they do it on purpose ? The inte- 
rrsting fact remains that from the point of view of the res- 
pondents, the principle, as they perceived it, did fit the 
problem, so that the explanation they had suggested appeared 
to them as perfectly reasonable. 

In the first example, the pupils had "imported" the unexpec- 
ted principle from the prerequisites and, in the second 
case, from Mithin the topic itself; in the next example, 
they imported it from far away. 

TYPE C : 

**At the beginning cattle Mere eating everything but man 

taught them to eat only certain foods** 

or other formulations of the same idea, such as: 

** At the beginning cattle Mere eating everything but men 

took all the good food and they had to content themselves 

Mith straM, etc** or **men gave them only certain foods and 

they became used to them**. 

That kind of theory is based 
on the idea that, by means of artificial selection and bree- 
ding, farmers had succeeded in developing ruminants who were 
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hereditarily adapted to the kind of food "tbov eet 
noMedeyn** • 

The Qver«'»i>pli£ied orinq^pla applied in such explanations 
Mas; that, since nen can develo:> desiz^.d hereditary traits 
in animals and plants, (which in itself is correct), it fol- 
lows that they can develop any trait in &ry ani»al (incor- 
rect). The principles of breeding are not 'created during the 
teaching of ruminant nutrition, tniciuse thsy sees to be far 
remote from the subject • However, the evolutior^ary aspects 
of ruminant nutrition are often treated at le&i^th. 
IhS. — missing dents were numerous^ most of thc£i related to 
what it would take to develop an animal with a digestive 
system as complex as that of the ruminants; also that it, 
since the beginning of the domestication of cattle, nan had 
i^ideed produced a "new animal", there should be some traces 
of the ancestors of this new animal; concerning the pupils 
who thought that the ruminants were already existing, end 
that men only taught thorn to content themselves with straw: 
what would have been the evolutionary status of che^e f irrt 
ruminants? 

The origin; school and other sources oZ knowledge concerning 
breading and artificial uelect: "n. Teaching aitresses the 
points of isimilarity between naturul and arti;Jicial selec- 
tion, but not the differences. Turthermore, the private as 
well as the formal school experience of the rur/il pupils 
(in a country->of ultra-modern agriculture) aee.-ned to impute 
to agricultural research a practically ilUmited potential. 

hs^Lsl of sophistication not reached , which might have pre- 
vented the unsound use of the principle: a deeper understan- 
ding of the the factors, the mechanisms and the complexity 
of breeding of desired types of organisms. Historicel know- 
ledge about the development of the civilisation (the time 
factor). Comparison between evolution end breeding. 

At that stage of their studies 
(10th grade), the pupils, for obvious reasons, had encoun- 
tered only very simplified, adapted to their scientific le- 
vel, versions of the principles of genetics and of applied 
^•"•Jics (breeding). There was nothing in these versior^, 
which could have prevented them from applying them . che 
problem they were confronted with, but neither did then im- 
ply any encouragement to do so. The problem of digestion and 
the principles of breeding had not been considered to belong 
to the same area of the curriculum or to be interconnected 
and therefore, justifiably enough, had not been treated in 
conjunction. The "missing dents" were beyond reach of the 
pupils. It just so happened that the pupils, while sugges- 
ting a perfectly reasonable solution (from their point of 
view), applied erroneously, a completely unapplicable princ - 
iplo (from the point of view of the teachers). For reasons 
of space this paper has focused on only one item of the 
questionnaire.However, similar "misapplications" occurred in 
most of the cases where the pupils had been trying to link 
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concr«t« ph0noii«n« Hitb abstract principles (aainly, in this 
study, thos« r«f«rring to bioch«nic«l and s«t«bolic proc«s- 
s«s and cosponants)* 

CONCLUSIONS 

It is fairly obviotis that tha laval at Hhicb sciantific 
principlas ara taught Must ba adaptad to tha sciantific la- 
val of tha laarnar, &nd that, accordingly, school scianca 
consists only of sisplifidd varsions of thasa principlas* on 
tha othar band, thasa varsions nay. turn out ot bava baan 
ovar-siMplif iad, in tba sansa that tha pupils raaain unabla 
to usa than accurataly at tha raquirad laval* Tbasa "blurrad 
raprasantations** of tba principlas lack tha crucial attri- 
butas Hhicb confar upon tham thair spacif ic naanings. 
Pupils 'than tand to ascriba to tha principlas naanings and 
iaplications Nhich thay do not possass. Such arronaous par- 
captions of tha principlas ara difficult to diagnosa bacausa 
pupils display tham only Nhila irralavantly using tha prin- 
ciplas, and irralavant tuta is by definition unpredictable. 
This Nas clearly demonstrated in this study. The written 
tests and the interviews shoHed that failure to identify 
the applicable principle did not necessarily imply ignorance 
or serious misconceptions . To some pupils the principle was 
just momentarily unavailable, and others did not spot its 
applicability to the situation* It is about other principles 
that unsuspected misconceptions were uncovered . The pupils 
had not actually been expected to ref'ir to them, and they 
were in fact hardly relevant to the subject matter under 
consideration. Still, the pupils perceived their versions as 
relevant and applicable. 

The science teacher, as shown in this study, are daily con- 
fronted with this problem: they can teach pupils which prin- 
ciple to apply, and where, when and how to apply it. But 
they cannot teach which principles not to apply, because of 
the unpredictability of such misapplications, of the variety 
of their sources and of their great quantity. 
Teachers must therefore create situations in which pupiln 
are given opportunities to make erroneous applications of 
unexpected principles. This is actually the only way to 
diagnose some unsuspected misconceptions. However, teachers 
normally find It difficult to design such educational acti- 
vities in sufficient quantities. 

Technology minded curricula* by their very applicative na- 
ture, consist of such activities, in which the pupils are 
required to put theory into practice. In this type of curri- 
culum, the learners have opportunities to actually aiake use 
of the concepts and principles they are acquiring, and to 
contrast the "official** versions with their personal i>ercep- 
tiomt. While doing so they provide the teacher with oppor- 
tunities to diagnose not only if the learners use accurately 
a given principle, but also, what they do when this is not 
the case. 

Technology oriented scientific 
curricula, such as the one referred to here, in which scien- 
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I. I'PE-'tWITgKSITT EDOCATIOWAL SYSTEM IW ISRAEL 

«) Co»pul»orv kindTac rt«n - ^am S. 

kl El«»<nt»ry »chool 

Tvp« 1 ; aight grad** («g« 6-14) OR 
Typ# 2 ; six gr«d«s («g« 6-12} 

c) S«condTV school 

Tvpn 1 « foIIoMing •I«Mnt«ry schcx>I typ« 1: 

Orad«s 9-12 («g« 15-18) 
Typ» 2 , foIIoMing •I«Mnt«ry school typm 2: 

Orad«s 7-9 («g« 13-15) - int«rff*di«t« (or junior) 
AND- Grades 10-12 («g« 16-18) - upp«r (or senior). 

Conpulsory Education: ag« 5-16. 

Th« •ducational syst«it includes St«t« schools «nd St«t« 
religious schools; th« main types of s«con(?«ry schools 
besides r«guisr secondary schools « ar«: comprahansive, 
rural, agricultural , - and tochnologic&l . Technological 
education is given in technological and in comprehensive 
secondary schools. 

I I. The paper is relevant to science education as a Nhole , 
but has xpecial implications for technological education. 
The study Nas conducted under a grant fron the Departnent 
of Rural Education, as part of the cSevelopment of a noN 
Agrobiological Curriculum, Hhich has a strong S.T.S. slant. 

III. a utobicx;rapbical notes . 

Born Paris, 1933. In Israel since 1951. B.Sc. Agr. and 
P.O. Certificate of Educetion, biology and agriculture, (The 
Hebrew University of Jerusalem) , 1964 ; M. Sc. Agr. (The 
HebroN University of Jerusalem), 1967; Ph.D (Science 
Teaching, The UebreN University of Jerusalem), 1976. Teacher 
of biology and agriculture in secondary schools for 10 
years. Hon Senior Lecturer in agricultural 4nd science 
education. The UebreN University of Jerusalem. Senior 
Investigator at the Israel Science Teaching Center. Head of 
a project of development and evaluation of an agrobiological 
curriculum designed for rural and agricultural schools. 
Member of several national committees concerning secon^^ry 
and scientific education. Papers in various professional 
journals, mainly in U.S. and Eurupe. 
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SOKE DEVELOPKEIITS IN TECHNOLOGY EaaCATION IN AUSTRALIA 



Ohis pip«r ooraiiSin wrys of tetarlngr.yoiei? pacplM* iMmln? abexit 
tadmblogy anl Its inClUMXM en ^ulr «v«^tUy liX«, mg^qix^q thai 
in Kiiool actlvitlM nixt prcnU thair <t«toilcal thliSdngr And 
acting' (dsiUtlMi, inl dmlo|)in9 tteir dici«lon-sK)dngr cipttzitiM 
about, t^a 'bm£its or othtmlM of a paittaiSar tKhnoIogy. Xt 
outliMs tha zapGCte l^acNdogy Riication (1986), Uikh <tetails a 
x aaa oiLt anA dvv«lc[w^ projact: ontatad in Vix±ocia, AJrtzaJla, by 
HwthQO ZMdtuta of Bintion. 

Ffcqjaot aiaa 

Aaong othar things, tha yiuJacL aisad to; 

dafina tha ratum and purpoaa of tachnblogy aduc&tian; 

alabcsrata its mtura and purpoaa in poat-fstixary adiool ocntcxts, 
using thxaa pctantinX currlculVR ■tfhwaas - tachnology adication in 
practical studlas subjacts, tachtiolorjy adiioaticn in all atisjacta, and 
tactsiology aducaticn as an aiT*wa^» in apadfic acdbjacts; 

• oat up, in poat-pciaaxy achoola, caaa stu£iaa i^ilch a^acsc^liiy 
thaaa thxaa ourriculm T*^naaa or an/ other, initieitini 
cppcctwiitiaa for tha pcof^asional davalc|MRt of participating 
parsomal} 

and vmiM a rapcct lAiich cnuld act aa a guida for 
taachatVadainiatzatGBca/outrioului davalcpera as mU as inlioBta 
profaasional davalopMnt and fyMliti^ plantb^ iacOioBttlm. 

T it a i a tiii ^ maytf 

Ailavant litan^tura trm AMtzalian and cwarsaas aouroas yo£ eurva^ 
fdr inftoiation c= -irflrlr-^ xsaaMology and apacitying, dava! ;ping anl 
^apT w ant ing tachnology •Aiouti^m In achOQls; also aodMOMtiva 
antlyaia of ourxiouluai Xitarab37;a oaxxiad out (it im rtmjnl^ti 
that oonaidarations on tacfanoldgy adotion oftan laava out tha Ixoad 
ouzziouluB diamicn): 

• diBouaaim mm davaHopad on tcut oundoulua oriantatlow (oallad 
in tha prorjact) ourriculm m a tadbnblogy, ouriaaui aa oo^iitiva 
i' lii ' i r aaa, tha teaanistic ourciculua, and oucriouliM aa social 
xalavanoa*taoonstxu^ian7 

diaoussion mmi davaljopad on a ourricultai davalopaant finaauodc, a 
ooriouliai davalcfMnt aystan, a Kdal for aff^va laaxnii^ in 
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tmdtnUosf •dmticn {prdsLm mcHviiig), and tb» tMctes* xbU in 

and KM 9mnl guUWixM £ t«±naXogy •Axatiflti wr» 
outlizwdU 

qpntioHil ilaflnltlnn of, anA mam odtKia te, tadndogy 
aAntiai 

guidtlixM dcMi ftcs ^Ur«b» mxxam (and oonfizMd by 
partijcipent cfaMcvatiora) vcovidttl tha fdlldtfixisr qpantiflnal 
dafinitim of f^admology aAioationt tactenlogy aAioation la an 
IntMxatad stud/, ca^iabla of balngr Mfcodiad in adma, pcactical 
a^acta, anviztxMRtal atudiaa and azta and crafta, Ixx*: havim 
apacial lihtai with adanoai auch an acintian will angaga atudmta in 
pcoblca aalvingr (i»audin9 pcoblai clarification, propoaal of 
aolutlcna, aaaeaaamt of anpcqpriatanaaa, iB{)lmntatian of aalactad 
aolution, and evaluation) aa waU aa applying tachnlcal akiUa, i.a. 
tadnical thinking and acting (insludingr aatariala appreci at ion anl 
usij^ drawings, aaasuring davijces, toola, atjoipDent and nachinea) and 
%dll pcovida opportunitias for studsnta to zaflact cn tha aocial 
ooraeqp^cnoes of tha tachndlogy vith «hich they ara involved. 

lUcther, tha projact prooeaaes provided the WUcwing technology 
education crltttda* 

TtehnDlogy edi»tlon ahould have as a goal the de/elopoent of each 
studoTt aa one who: 

/ 

* idflntif iea technological probleBB or issuea aa well aa iaauea in 
%aiich techzrslogy is in qjaaticn; 

evaluataa varioua Olaioa oonoeming ^ allagad benef ita of 
technology in the light of eoonanic, accal and eocial criteria; 

plam OQT auggaata waya of planning technology oanaistent with an 
acknowladged oonoept of a good aociety; 

is G^»ble of aa)cing thinga cr of tasting and ifl|>laDentingf 
technology in pcactioal situations. 

Activities in technology education ihould be selected cn the basis 
that ona activity is aoce woctMiile ti)an anottMr if itt 

utilises ocncxeite aoqparlHice ^ilities, i.e. 

- invblvas stuSents vi^ •real world* situationa, objecta, satarlals, 

- involves stutairts in idantifying pr cbl — i or iasuaa fros various 
parapectives or points of viiir, ^ 
-involves aooias to idaaa, prooasaas, activities or aituationa not 
otherviae anoountered by atudrrta, 

- plaoas atudenta in active roles thrtu^^KWt, 

- i« relevant to tha e)qareaaad purpoees of students thMelves; 
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• titillM vflKtivm ctettvation abiUtiM, 

- invblVM a rialc of auooess or failure, a balanoa betueen hope of 
110C— and faar of failure, 

- vaqMiiM stuteits to reflact en their oun aituaticn, cteioes, 
plam, and acticns and in teras of parscnal values, feelings, hell eft; 
and e wper lioee; 

• titniata afaRtzact oanoqp«ualis7±icn abilities, i.e. 

« involves the integration of studies, ideas or saterials that are 
oonventionBOly separated, 

- pendts studmts to mikm infomed diolcses in plaming and in 
cazxyingr out these jOans, 

inv6lves the aifilicatlan and aestery of aeaningfUl rules go: 
standa]?ds, 

can be onylefefl suoceaafully in different ways; 

utilises active es^erimttatlon abilities, i.e. 
esq^lores the ocnseqiienoes of existing activities or propoeed 
activities and encourages the naking of technical and value 
judgenents regarding plans, events, and outodoes, 
*- involves studsits in reworking or Irgitcving their initial efforts, 

- involves students in examining or applying in a nev situation an 
idea, principle or skill «hich has been previously studied or 
developed, 

- oontributes to a balanced overall oourse of study (e.g. of 
xaterials, processes, problens, social situations) • 

In technology education, teaching and learning should be reg^irded as 
interrelated activities in tAtich eaqpscienx, reflection, plaming and 
experiaentation all have proninent places. 

case ^tA^m^ 

Ohe p ro j ec t set-ip case studies involving participation of Hawthorn 
Institute of Education perscmel in a sasple of Victorian 
institutions ispXenenting technology education. Ohese dealt with the 
fcOlotfing (local naoBBs are cited for iderttification purposes) : 

• establiJiiMnt of a HechnblogY Rssouroes Area as a resouroe 
facility for all 8i±jects in the Vears V-^U curricula at Cheltenham 

• lipl— nt&ticn of a desi^rlxicsd avonach to t<M£hing noodhnck, 
inoocporating prdbltt-solving aethods, fdr Year 7 students at St 
Albans O^chntoal School; 

• cSes/elopaent of a discrete practical arts subject, technology, for 
students in Years 8 and 9 at St Helena B3st-po^laary School; 

• and iaplcsentation of a aaterials study, art and txhnology, for 
art trainee teachers at Kacwthom institute. 
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Odncluiiom dnun on thi respective case studioe, mj^yinj 
infooMtion tat v«ch gtoqp oomsntd (ownenftiip of the re^iactivt 
•t udlM by tteputicipBtingr sduols €mtw«iff€d in ths fxxtensts 
of ^pod cxifllnhflCTtlon) • 

Xiao teoad i^pUostim ym xalMd that: 

• ^ystMtic raluBtlan of ticfarnlogy education p co gra— in mdbocil% 
isnMdad; 

• tadndZogy adupation initiative ahould ba plamai witfaln a total 
y ^y^l oontnct m H Wt tban piaoaaaal; 

aoetaoal back^ aufpooct t^ptarm to ba naoeasaxy for davaloping 
aitetantial tadndlngy education activities in achools; 

a variflfty of technology education appcoachas ara liJoely to be 
developed in the future, indicating the need for flesdble cuniculuD, 
pexBomal and flici Titles pAaming; 

and ttmvm ie a need tcac relevant pre-servioe teacher training and 
pcofessicTiel develofaent prograns* 

(Vidaotapee an! ^lidaa depicting technology education stu3ent/teachBr 
activitiee in the various venues will be shown*} 

C^estall oonduaioni 

Overall ocndusions drawn in the project were: 

•very subject in the school curricula needs to address tedmblogy 
education (Mm art and technology naterials study l A oj ec t was a case 
in point, also nmal wwyles were seen in the Cheltetihan Hig^ School 
Year 9 progras, such as in histoxy «here students Bade Sunerlan 
wd-faridc houses using grass xeinforoed alniature bricks; in sdenoe 
iteva daas awfaers used appropriate ocirpiter software to design an 
enetgy^ficient house; and in geography %here students zeoocded 
tesperature teedings by wet and dty bulb thenocoeters and dinawwl 
iiplications for dodiing people suitably for working in the 
Antarctic; a further sMnpla is the slide set, *Fraa the canp oven to 
the aicroMTva: a histocy of technology in the Australian kitchen* (or 
a 'potted Aurtzalian history^ that was developed for the QHESOO 
Pilot nraject [this will be «boun]); 

• technology education ihorJld be integrated throu^^ the school 
curricula (this was ocntentious for the St Helena Poat^iiriBaay group 
U» argued for technology as a discrete subject aiaed at developing 
students* ooncepts about, and understading of, technology tfarouglh 
participating in practical studies based on units such as stcuctureSf 
mterials prcperties, robotics, polyners, mechanics, lasers and fibre 
optics; 
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mi Mil ill i1 technology «l»ticn t^pmctm aoy te oontrastad 
vith x«9Mlar pnctiow m in poetical studias in post-priaary 
•cfaoQis (£cr «aoiqpI«, ttm ccaa studtf in voodhiQck st St Alham 
IMsiloea 8ctooI id«ibi£i«d nal tmicn anonyst teacten cm tte 
fl^iiBMS in tht disi9H3«Nd progm on «oq>lorBtiGn and diimvaty 
laaxningr, Itomingr dxut propixtlis of aatarials, anl laamin? 
xwioisita tfdlls w tiMy art m«3ad, agaimt «^tesMi aaaoclatad vit^ 
txaditionaX vrntadc pcognaa, such as tndning in tool aldlls and 
taachin? •occxact* aatfaoaa); 

gmmaHy, poat-priaazy adiool taacfaan and atudeRts hava only 
liaitad aoqparianoa in uain? invaatigativa, analyticzd, aaqperiaeRtal 
and pCctaaa-aolvinsr afpcoacftiea) ; 

• taachers aaoi to a£tod ocnsixSerable ia(»ctanos to technology in, 
and aczoaa, aoat curriculm azoas; 

there is an apparent role in post-parlaary adwols for a peraon to 
oo-ardinate technology aducaticn (notwithsl^nding arything aaid 
above, in the actual school situation scna individual has to be an 
'advocate* and also responsible for tise-tabling, ordering aaterials, 
naintenanoe of e^iipnent, ate.) ; 

systcnatic professional develcpoent is an essential part of 
developing and upleoenting technology education (a particular a^aect 
is training teachers in the cciix-Bc t and safe banning of 
na^-technblogy tools, aa^jerlals, equlpwnt, etcO; 

• technology education requires afprGpriate schcxil facilities; 

. and eodsting policies for devcaving power in the Victorian 
tducation system have the potential ftar fostering tedtrology 
education in schoola, . 

Bafiacenoes 

Bail, ILJ., m a di ford, K.R*, Bcaoarsall, K.E. & Hancr, N.JU (1986) 
Pachnblocfv education. Melbouzna: £tortham institute of saucation. 

gawtfaoBcn Zhatituta of Bducation in obllabocatlon vith the QirriouliM 
Ptograas Section, zaucation - DepartMit of Victoria (I9e4)« 
Technology aAxatlon aa part of general aeoarefarv qdfacation > 
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oontcoch 

m the Australian Tiederal structure the States are xespcnsible for 
eAJcatlon, so there are sona variations babiaen flrysteaK* 

Briefly, in Victoria, since the begiming of 1987 sectors hove been: 

. prlaary - Years (5-U year 61ds)j 
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. ix»t«^:?riaaxy - Ymm 7-12 (pnviausly Victoria had « doal 
McxnSazy arxan^Mnt, with hi^ acbools anH tvisiicea schools) 
(22-16 yMToldi); 

tcrtiazy - adiult: tacfanicaX «nA riirt^ •Anttiai (TRIE); 
ooUttgw of advanoKi «ft]caticn (CAEs); univsrsitias. 

ni» aodft of aMMHRt UMd far tmivvrsity mi ttai iac is tte |»rt 
cetemal/intanua tocaminsticn for tba Victcrian Oertificata of 
Education (VCE), Oiicii ia taJom cfver two yaara (Years U and 12). 
(Prior to 1987, wdvKaity mttam w par tba Hl^jher Sdxxsl 
Oertifiata Yaar 12 oGaadnaticnO 

Ote conteoct of this paper is ttm Victorian post-priaazy asctor. m 
•one «^ th» diacussicn .la alao xelavant to post-priaazy adxstion 
in otiier Australian states, ziotahly South Australia. 
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EDUCATIOKAL FRAMEWORK FOR SCHOOL TECHNOLOGY 

Peter Edwards (Trent Polytechnic, Nottingham, 
Great Britain) 

Jrlll^nru'''''^ ^° """"^^ Technology within the current educational 

Mmework. The information is drawn from sources with considerable assumed 
innuencB. ft Is set out In the following format: 

1 Historical DeveJopments 

2 National Policy and Thinking 

3 A Cass for School Technology 
^ Current Practice. 

Technology In schools means different things to different people! 
Technology - a definition 

•To enable all children to become involved in at least some part or parts of the 
technological design process, k tne 

To develop ?n all children a general understanding, an appreciation of and 
sympathy for scientific and technological developments Ci purpose ). 

Ind^l^m-" " increase their personal resources of applicable knowledge 

Ref. School Technology Forum» 
J Historic Developmenta 

The first major steps in developing the concepts of School Technology were taken 
as a result of work done by a small but significant number of highly motivated. 

Ih^Sr^rnV.^^n'^* l"Pf publication of « Engineering among 

the Schools- by Page. "A School Approach to Technology- by Porter and the 
commencement of Project Technology by the Schools Council. All of these events 
taking place before the end of the ig60s. From those earliest of developments 
questions wer^ being asked about the meaning of Technology in schools* The 
as b°e°n j!""^""'"^ Working Paper No 1 [1973) refers to Technology 

" different from traditional school subjects in that it requires end 

generates many links outside schcol and that it demands teachers who 
having a real understanding of its aims and philosophy, have the ability 
to foster in children the type and quality of thought and imaginative approach 
of the engineer and applied scientist"* 

At the same tl.ne Technology was being introduced to the curriculum by schools 
and teachers as no more than a traditional subject area. In so doing similar 
methods of teaching to those already in use within well established subjects 
were employed. Hence basic misunderstanding commenced and a dichotomy of 
perception was born. ^ 

This perhaps is best resolved by first accepting that Technology does differ 
from other subjects as suggested, but that this /ipparent imcompatibility of 
existence masks the true potential of Technology* This potential being exposed 
by seeing Technology's relationship with other Subjects. 
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"Technology and subjects studied at school may be related through influence 
or through resource. Subjects may influence and be influenced by Technology. 
Equally subjects provide resources for Technology and are provided with 
resources by Technology". 

Ref. STF Working Paper 3 (1977) 




Fig 1. 
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It can already be appreciated that Technology, as with many other curriculum 
areas, should not be perceived as discrete. However. Technology is seen by many 
as being nothing more than advanced and sophisticated engineering, or the sum 
of civil, electrical and mechanical engineering and the danger exists that this will 
be the perception of Technology by tnose most influential in its implementation - 
the teachers. 

If Technology is not this tightly defined curriculum area and is more of an 
integrator then we need to be clear as to the nature of its integrative features. 
If this is achieved, we must then place School Technology within the context of 
Government policy as described In the White Paper. "Better Schools (HMSO lOBSJ 
and current education thinking by Her Majesty's Inspectorate through their paper. 
■The Curriculum from 5 to 16" (HMSO 19851. 

2 National Policy and Thinking 

•Better Schools" states that the purc^ulum offered to every pupil whether at an 
ordinary school or a special scho^^uld be:- 




Relevant; 
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\t should introduce pupils to a wide range of 
Knowledge, understanding and skills. 

Each part should be allotted sufficient time to 
make its special contribution, but not so much 
that it squeezes out other essential parts. 

Subjects should be taught so as to bring out their 
application to the pupil's own experience and 
to adult life and to give due emphasis to practical 
aspects. 

Differentiated^ What is taught and how is It taught needs to be 

matched to pupils* abilities and aptitudes. 

Proflreaaive; jhere should be a continuum between the various 

phases of education. The curriculum through 
primary and first three years of secondary should 
be largely common to all pupils. The activities 
should be so designed as to provide pupils with 
the opportunity to progress naturally. 

These statements are set against Government intention that all pupils need to 
continue with 

'English 
Mathematics 
A Broad Science 
Elements of Humanities 
Values and the Foundation of British Society 
Economic Awareness 

Practical and Technological work \n a number of subjects 
Foreign Language^continued for most pupils". 

The place of Religious Education is governed by law - the Government does not 
intend to change this. 

The inclusion of Practical and Technological work In a number of subjects is 
further reinforced by HMI thinking which is that:- 

"The curriculum of all schools would involve pupils in each of the following 
areas of learning and experience:- 

Aesthetic and Creative 

Human and Social 

Linguistic and Literary 

Mathematical 

Moral 

Physical 

Scientific 

Spiritual 

Technological 

It is true to say that all of these areas of learning and experience form subsets 
of developed human capability. An understanding member of. and contributor 
to society, will have, within his or her capability, capacities to respond in a 
Daianced manner to given situations. This is not to say that each of these 
capacities will be developed to an equal extent or even called upon in equal 
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There will be a need, however, for the areas of learning and experience to be 
integrated into personal capability and characterised by an individual's 
perception of and response to need* 

Two people, faced with the same situation, will almost certainly respond 
differently. This is not to say that either one of them is any more correct. One 
can say tharif these^two people have developed senses through the areas of 
learning and experience then each response should be valid. 

If one looks more closely at the characteristics of human capability one can see 
that. In differing circumstances, each of the areas under consideration can assume 
a different priority In any individual response to circumstances faced. However 
It would be wrong to think Chat these capacities are discrete op that any one of 
them is any more important than another. 

A person studying aspects of science may be expected to respond with a science 
bias. It may also be true that response may be far from being scientific. However, 
it will almost certainly be so that any response within that scientific context will 
involve a good deal of communication, in both verbal and graphic form. It could 
involve a personal judgement and may also refer to the social implications of any 
decisions taken or made. 

Thus we can see that each of the areas of learning and experience can be dominant 
or subordinate but are certainly interdependent within the context of human 
capability* Each can subsume or be subsumed by the other. 

Technology Is clearly identified as not only having a place within the learning and 
experience of a curriculum but It is policy that pupils should experience 
technological activity in a number of subject areas, not least that of science. 

"The Curriculum from 5 to 16" then refers to the elements of learning and 
provides a checklist"* 

• Knowledge; Knowledge continues to expand rapidly. Schools 

need to be highly selective when deciding what 
is to be taught. 

Concepts ; Generalisations usually arrived at through a 

process of abstraction from a number of discrete 
examples. They enable pupils to classify and 
organise knowledge and experience and to predict, 
eg temperature, energy. 

The capacity or competence to perform a task. 

Attitudes: Overt expression, in a variety of situations, of 

values and personal qualities, to which they are 
closely related"* 

These elements of learning era seen as inseparable from the context of the areas 
of learning and experience. However, the four elements. It is suggested, should 
feature In and be developed through alt nine areas described previously* 



3 A Cmm for School Technolofly 
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5D\'ind^^^^^^^^^^ ^^^^^ work In -TechnCogy- .cjos, 

which enables a oftrson to enrich the 
?n Jhl d^vJr* ""^^ technological skills, knowledge and value Yudgments 
in Che development of man^ade environments and man-made things-? 



INVESHGATION 
INVENTION 
IMPLEMENTATION 

EVALUATION 
COMMUNICATION 




Fig 2. 
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th?Qua' ty on *" '"^""^ '"hancfng 

d.«.lnn.H ; ^" " "'^'""^ '•«"■• "O"!'* have to be. in .11. a 

^t?«?M 'PP^eclative of good oMIl Intent 

S^J op^'^t"SSgtrnZdu.^'",'^'H an outcomes 
w.nt 7a' S^ed'forTh. flooi "'^"-'-'^ Judgements. 

elemenfaV/MM^' ^'""."^ '"•'"""'S'"' "P»b'"ty exprewes the same 
elements as HMI deem essential to wholesome education. HMr also IndicaTs rh.t 

rxp"re'n'c:'"wr''"'f 'rf""" "'^"Sh and In all th; a^ees-orJar'n ng'and" 
of homooen^^^ T T^^""' '"•'""'"Slcal activity should be an expression 
TpS for ^ ■?"7''T' characteristics of technology, as 
^s^d Snhn "Pability. tout of individual need), should be 

h?t.rnr«.n-^ V''" °' '"""'"9 ""P'^'-nce. whatever the local 
interpretation of structure and organisation may be. 

leTtL'chL„« „'r?"?lT".::" f'?^'='•'"»-'■'-^Ic"lar iHsues they should not be 
hrouoh cnnLif , " '"h '"'"'"' 'heir place needs to be assured 

thf..h„„i h'^"' ""h the general framework adopted 

p^VgrU^Sn';o\"e^^v.=»;^' 

Curriculum from 5 to 10, 

3F' 
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This mart then tuggsstt that method of teaching and learning is at least as 
Important at that which it to be taught or tearnt. We know that it it policy 
that tchool education should do much more to promote enterprise end adaptebiltty 
and to fit young paopte for working life in a technological ege through the 
opportunity for oral discussion and solving practical pro! 'ms. Also that an HMI 
view is: 

"Learning about Technology and its historical and social consequences end 
exploring the opportunities to apply scientific principles that involvement 
with it makes possible, have long featured in the work of schools. Such work 
should continue end if enything be Increased in scete end range. But work 
of thet kind does not In itself make ufs a technological area of learning end 
experience sufficiently delineated end comprehensive to stand alongside 
the other more firmly established areas that should feature in a broad 
curriculum. The study of the impact of Technology end its social and 
environmental *spin-offs' however interesting, is no substitute for active 
involvement In the pnxme itself. Alt pupils throughout the 5 to 18 period 
should be so Involved. The essence of Technology lies in the pr oo ae of 
bringing about change or exercising control over the environnent*. 

This gives positive reinforcement to the view that Technology is not just advanced 
knowledge, but Is about acknowledging a need and applying ones own knowledge 
and experience to satisfy that need. In so doing, as suggested, a host of 
educational benefits to the individuals so involved is accrued. 

\tx accepting that needs exist In alt strands of activity we are Immediately led 
tn conclude that Technology must by definition be cross-curricular and even 
integrative In nature. 

*ln Place of Confusion* by Paul Black and Geoffrey Harrison pursues those concepts 

further and argues that In order ta educate our children for * those human 

activities which bring about change, enhance the environment, create wealth, 
produce food and entertainment and generally get things done*. We need to 
develop their:- 

"Application of personal driving qualitiua such as determination, enterprise, 
resourcefulness: 

personel innovative powers of imagination. Intuition and invention: 
powers of observation and perception: 

willingness to make decisions based both on logic and on Intuition: 

sensitivity to the needs being served, to the possible consequences* benign 
or harmful, of alternative solutions, to the values being pursued*. 

This model concentrates on the outcomes of action in certain activities, it Infers 
that the personal qualities listed abo\ are an intrinsic requirement of 'success* 
in those activities. Whilst a person involved In. for instance, designing and 
making a garden shed or composing a symphony, will set. end hopefully satisfy, 
criteria developed from his or her own values, doubt must exist as to whether alt 
of the characteristics mentioned wilt result simply from Involvement In the 
activity. There remains a need to seek ways of identifying the manner end 
magnitude of the personal driving qualities that are developed by involvement in 
such activities. (Externalising the Internal feelings being developed through 
the activity). 
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Wt should tnsurt that young piopta« to Involvsd. tcknowledge thete developing 
Internal ettrlbutet and remain aware that they are there ei ennourcs to be 
drawn upon and developed further through present and future technological 
activity* IThe internal appreciation of the experiences and the effect of them 
for present and future use - ae e resource). 

Technology therefore demends thet for young people to become fully CMable 
by means of educetlon, then thet educetion should .not only give wholesome 
opportunity In th« rMourcM of knowledge, skills end experience, but should 
eiso call for action in demonstrsting these elements* 

!S.iIr.^.'w'r"!r*'"?l'* that Jechnoiogy has at Its core human capacities that, 
smen they are brought tooether by interedtioru provide individuals with real 
opportunity to change, end hopefully enhance, the men made world. 

This Task ^ Action - Capability model of Technology suggesu that stef f will 
need to become more involved acroes subject bounderles as the pupils pursue 
activities that call for expreuion In and from more than on. tr^lltionJl iJ« 
of the curriculum. 

More recently the STF published iu commentary on 'The Curriculum from 5 to 1 fi- 
end Its theme throughout is that Technology exists in all aspecu of curriculum 
activity by means of three dimensions of technological cepabllity 



*Purpoa» ; 
Procaas: 



Resources! 



imders*andlng of human needs and valuaa 

compotanca In the intellectual end physical 
sktlle of problem solving end produce development 
to meet such needs 

_ eblllty to ecquire end call on resources of 

applicable Scnowtadge physical end intellectual 
akllla and expar{enc« end personal qualities 
needed to apply problem solving skills end the 
solution of human problems*. 

Whilst recognition Is given to the componenU of e curriculum end their value to 
the pupils, this commentary demonstrates the Inextricable links between 
tredltional ttrbjects end technology and vice-verse. This being an extension of the 
■nterectlon elluded to In Fig I. 

The procMS skills referred to can be drawn on In various forms and by using e 
number of strstegles. They may be unstructured. Intuitive or heuristic, whilst 
they could be managed by means of negotiation, counsellina or the pupil could 
heve complete autonomy. Flp 3 indicated the options open to teacher and pupils. 



IWUCONIROt 



Fig 3. 



NOHfROGI^AMMAlU 
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A - Teacher progrsmmed/domlnatad - didactic epproach 

B - Constrained attignmenta In the eree of leerning end experfence* 

C - Teecher oricntetsd teskt/pupU response. 

O - PupHt heve greeter refponeibllity* 

I To follow the true neture of school technology the teacher wll' experience e 

tigniflcent eltering of his or her position reletive to the curriculum* other 
colleegues end the pupils* Fig 3 indlcetts the verled neture of the educating 
processes at the teecher'e disposal* There will be times when It ie ^ssentlel for 

h the teecher to demonstrate consldereble leedership* However* there will be en 

Increasing requirement for the teacher to teke on the role at an educational 
technlclen to ectlvltles pursued by the pupils* In ell circumstences* the 
peremeters creeted to encourege pupil ectivity should oilow for cepebility to 
be developed end expressed by ell* 

tf the teecher edopts • stretegy which involves the pupils in e wide variety of 
I experiences in the different process phsses indiceted in Fig 3 then one could 

ssy thet breadth will be encoureged* 

The betence of the diet will elways be difficult to achieve (who defines the 
bstance?)* However* if pupils ore encoureged to pursue activities which are 
drewn from a wide variety of erees of learning and experience* and the same 
I pupils develop views* knowledge and skills that can be used as e resource In such 

activity then a kind of balance will be achieved* However* it should be stressed 
that balance Is not necessarily achieved by covering context atone. Care should 
be given to the activities of learning to ensure balance is rr.alntalneo. 

There can be little doubt thaC the models expressed here allow* in their uncorrupted 
r form, for differing ability levels* to achieve more readily their full potential* 

Providing the environment for differentiated learning wilt undoubtedly require 
much skill from the teacher* 

Technology* perhaps, offers greater opportunity for this to be achieved then 
a more didactic content loaded route of learning. 

The relevance of Technology should be unquestioned* However, we need to be 
sure that the Technology pupils Involve themselves in Is framed In such a way 
as to encourage the simultaneous development and demonstration of knowledge, 
skills, experience tempered by personal human values* The provision for 
technological activity ahould* wherever appropriate (particularly In the late 
secondary years) be drawing real Issues from real contexts* The only TVEI aim 
which reletes directly to whet the children should be doing make this point 
(TVEI aim four) 

True Technological activity encqurages the development of capability* However* 
the Issue of progression has not fully been faced* If we. as teachers.'are to work 
In a framework less dominated by content and more concerned with the learning 
process that pupils are engaged In. then wa need to be more sure of the nature 
of the pupils* progress through the pupils' developing capacities* 

Hitherto* accepting QCSE as an advar.ce.all traditional forms of assessing young 
people have primarily concerned themselves with knowledge retention and what 
pupils have learnt. We should be sure that the methods of assessing young people 
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l^M.^ , : 7^7 '° 'PPfScLtlon or the .xt.nsrv. potential of 
SToh V M P^"'"" <h.t ellow th.n>. to brrng to the for. 

uSnu^T^" ■"^''»«"- •"f'butM whrch. under norm.l circometences" "riht 
w^l. dormjjnt. end c.rt.Inly not b. recognleed by eny form of tredltlone^ 
•e»M»mant. Along with developments In School Technology one would hope for 

^Ji-'^'^K""."' °' -ttrlbutes. Progre4"on I;?ruld b. 

exp^eeted by whet puplli cen do through their ectivitles. rether than whit thev 
m»y or miy not heve leernt. 



Ourreot Prmctiem 



^ImII f*" °' ='""P"'»ory educetlon there remein meny models of 

^thllTl.TfT,' '"1 """"""^ "••'-•^y- These renge from thB ho Istic 
th. V'^'h °" ,°' r" cun-lw""" with eech depertment stetlng 

ere In ue« or being explored. Amongst these are homogeneous su^jlects. cross 

«°P"^ groupeS^bJects Itc" 
■* •■• «° ■ oar. of study. These 

tnlhJ '^n^ .""."T* "l""^*' '"'"'"y °' '^het Is heppening 

«Iu.VfTjlh «hould seek wey. of clerlfylng the 

^! V.,! '•'=^"°'°0'':-l -ctl- .ty es pursued by pupils In the verlous currlculJr 
nn Z2 ""i ""'"O ''•^•'°P«'« In common use. This work, would 

go some way towerds identifying where, how end why pupils ere echlevln^oreeter 
potentlel through School Technology. -cnioving greeter 

Fig 1) alms to demonstret.. threugh simplistic mesns, current ectlvlty. This Is 
not to say th.t ell School Technology will heve developed In this m.nner For 
rceil^n^'-.r "I"",'" been mTny .«mp?es of 

SiscbllneZ TM " °' '"""■''■'B'"' ^""^"0 "rose th. traditional 

h nh V rrJ^i, M "1"'°"'"' ""ore widespreed by verlous 

highly credlteble Interpretetlons of such Initiatives es TVEI. CPVE end TRiST 
However. Technology ha. been seen by meny In school, es being the ^elusive 
domein of the Science and/or Craft. Design end Technology depertment,! This 
?"chnTog'y". '""""""'"'•^ ' ""'V'' • well developed'appTo-ch to * 

Jnf I,'?! ""P"'""" °' P"P"» •» °'"n not recognised technologlcel. whereas, 
n feet there ere meny opportunities thet prasent themselves to young people 
thet would enoourege the principles described In this p.per. eg disignlng 2nd 

Tdt ,Sd' 'l' '^"".'^ ^ITf " developing gemes to'p e? "inn 

odds -nd ends. As the child eges the ectlvlty mey be more directed towerd or 
controlled by the chlldi Immodiete economlcelly based society! 

!^!ll"t^!nl'*;i";''°u ' ■"Pr!'"';'* "O"!"*' this mejorlty Influence we should 
«ilr.tr« M experiences developed through 

h. w"!^!? " ^l*"'"*" ""y ^e es Uttle one hour per week) 
re^hnolnnln ^^^'f '"'il'',' "P"""" '"T. eppeers to be llttU potentlel for 
technologlcel ectlvlt... This Is partlculerly true of the secondery phese of 
educetlon wh«-e. In the letter yearfc pupils need not even be engeged In such 

i^!h„nln r^"""* phese eppeers to be more In eympethy with the principles of 
b. H„« ^ '""2' ° °rgeniz«Ion. there still remelns much to 

be done to ansura thet Its potentlel Is more fuljy exploited. 

If the lighter zones.ln Fig M. Indlcete present potential for technologlcel activity then 
we are faced with e very petchy and hephszerd epprceo'i to Its Impler netlon. 
As in some euthorltles In the country which heve encouraged the pyramid 
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CURRENT PRACTICE 



P0ST16 



SECONDARY 



Middle years 



;UNRECOGNISED TECHNOLOGICAL EXPERIENCE 



[MAJOR INFLUENCES OFPBRSONAL INTERACTION W7W THE ECONOMY BASO) ON MANUFACTURE, 
]RETAIL$BRVtCES AND BUSINESS 



PRIMARY I : 




OTHER OUr-Of- 
EDUCATION, 
EXPERIENCES I.e. 
SOCIAl,ECONOMIC 
etc 



STRONG PARENTAL 

muG^CE/suppom 



TIME SPENT IN ORGANISED EDUCATION 



100% 



Fig 
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t^l^TT^.Z'.'*'^ curriculum ta Mcondary with its feeder primaries grouped 



TVchIloTo^f"J°J!,' ""Vf "r,"^ ""derstanding and implementation of 
o^rSKrdtXSrt^ei^ "^"""-^^ " '"CN 

I^^nJ'illll"'' " o" '"a assets implicit in Technology tas deacribadj 

iTw^ K T. "P-bfity. then wa must ensile that the .iuc.tion 

cra.^ Jl to IShS"* '"^°'^ff ■'""fl""' " «count of method 

lluutt oPPO^unltias in davaloping. more fuily. young peoples 

abilities, understanding, applicaticn and attitudes. peoples 



Glossary 



TVEI; The Technical Vocational Education Initiative - 

ssss:-s?;i-i°;«— ^^^^^^ 

TeTf !''^'="='l th« qualifications/skills which will 

be Of direct value to tfcem at worit anH mn»» «f .u _ t* " 

qualifications and sWlbj 

Iw'Zt'^emT" ^'^^^'^ '° "'^ employment which wiU 

tt^^SorTo/ITh^^^ ^'PP"--"-- Of 

«:i^^o?iT;oS^^^^^^ i»etr;s '° 

^TeU^tJ.bll^i^'i!? °° developing initiative, motivation and enterprise 
as well as problem-^jlving skills and other aspects of personal development, 

the construction of the bridge from education to work is be<mn .„.H«.k, 



i) 

ii) 
iii) 
iv) 
v) 
vi) 

vll) 
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GCSEi General Certificate of Secondary Education - 

The new rationalised» national tummative examination. The assessment is geared 
te 'what pupUa can do* rather than testing 'what pupils don't know*. It features a 
significant (4O-509() coursework component. 

CPVE; Certificate of the Vocational Education 

Courses which offer this certificatet for pupils in the post-16, non-compulsory, 
phase of education, are locally designed, but have to fit a nationally accepted 
framework* it encourages the development of transferable skills and broadly 
follows the TVEI ideals. 

TRIST; TVn Related In-ssrvice Training - 

This was a crash (two year), centrally funded, programme aimed at retraining teachers 
in the methods and subject matter appropriate to developing curricula, particularly 
TVEI-type curricula* 
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The prominent system is that 
of primary/secondary, but some 
partr of the UK have Primary/ 
Middle/High as their preferred 
system* 

Most schooling is all-ability 
(some selection for higher 
abilities still exists) and is 
co-educational and single sex* 
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Non-compulsory Post 16 phase 
in schooU at a college of further 
education, sixth form college, 
or tertiary college* 



ERIC 



HIGHER EDUCATION 
Universities, Polytechnics etc* 
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Autobiography 



The author has worked in education for the past 16 years. After being a classroom 
teacher in five secondary schools a period was spent in curriculum development. 
During the latter years he has been involved in TEacher Education at Trent 
Polytechnic, Nottingham, England. 

Apart from writing many articles he has co-authored "Technology Across the 
Curriculum". Currently hU interests lie in the research of matters relating to 
the developing technological curriculum, particularly how pupils progress through 
process orientated learning. 



TECHNOLOGICAL EDUCATION FOR THE YOUNGER PUPIL 



Dr. Ray L. Page ( Brcoley Education Department, Bromley, England ) 
Introduction 

In paper* presented to the second and third International 
Symposiua on World Trends in Science and Technology Education 
held in Nottingham, England and Brisbane, Australia respect- 
ively, the author explored the nature and purpose of 
technology; argued a case for technological activity to be 
included in the secondary school curriculuo; cutHned ways 
in vhich such activity could be introduce^^ into the curriculum 
(with particular emphasis on Science Department contribution) » 
and discussed a particular project developed in the United 
Kingdom for t>^e 14-16 age range called •'Modular Corrses in 
Technology'', i }a particular its mode of implementation and 
dissemination vas reconinended to the Symposium. 

In these two papers comment vas made that where older pupils 
had a chance to opt for a choice of subjects, those that had 
chosen technology had a more positive attitude towards tech- 
nology and industry than their peers as measured by the 
Page-Nash-Orr attitude scale. This vas found to be 
particularly true for girls. If attitude plays such an 
important part in the choice of subjects, if sufficient young 
people are to come forward and develop careers in the 
technological field, attention must, therefore, be paid to 
developing positive attitudes. As attitudes take time to 
form, the development of a positive attitude towards 
technology must take place earlier rather than later in 
pupils* eduction. Studies have already shown that girls 
in particular come into secondary schools in the United Kingdom 
with a negative attitude towards science, mathematics and 
technology. 

Technological education cannot, therefore, be limited to the 
older years of secondary education and attention needs to be 
paid to the technological education of children of primary 
school age. In this paper the author discusses some of the 
problems that have faced his team of Inspectors and 
Advisory teachers in introducing a technological component 
into the primary school curriculum in the United Kingdom and, 
in particular, in the London Borough of Bromley which is an 
Education Authority on the outskirts of central London. 

The departments in secondary schools in the United Kingdom 
which have contributed most to the introduction of 
technological activity have tended to be the Science 
DeparCinents and the Craft and Design Bcpartmetts, and some 
of the best developments in technological education have 
occurred when both these departments have worked together 
and have involved colleagues from the Humanities Departments 
as well. No curriculum developer in the United Kingdom^ 
however, would argue that it has been an easy task to 
introduce Technologica** Education into secondary schools and 
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It Bust be remembered that the Science and Design departments 
had, in many cases, undergone their own curriculum development 
at an earlier time. The Nuffield Science Developments in the 
United Kingdom, fo example, took place in the I960's. In 
other words, departments forming the base for the introduction 
of technological activity had already undergone their own 
curriculum development and were relatively ready to take on 
further development in the technological field. 

In primary schools in the United Kingdom the probJra of 
introducing technological activity is that science teaching 
and design activity are not as y-r strongly established which 
means there is not an established base in science and design 
on which to build technological activity. n,is had had to 
be taken into account by the author's team of Inspectors 
and Advisory Teachers developing a primary science progranme 
funced by an Educational Support Grant from the Department 
ot Education and Science, and by a similar group working 
on a Design Dimension project fun'ied by six local Education 
Authorities, Industry and the Department of Trade and 
Industry. 

I should now like to discuss the primary Science and Technology 
programme s philosophy, development and implementation (and 
will present examples of work and a video at the Symposium) 
an.^ then the Design Dimension's projects work in the primary 
field (and again examples of pupils' work and a display will 
be brought to the Symposium), 

Bromley's E SG Primary Science and Technology Profect 

The state of primary school science has, and still is, not 
strong in the United Kingdom. in 1978, the Department of 
Education and Science carriedout a primary survey. The tenor 
of their findings was that much of the primary science 
teaching was "ad hoc" and un-coordinated and there was very 
limited expertise in the teaching force with many teachers 
lacking a working knowledge of the science appropriate to 
children of primary age. In addition, there was also a 
lack of facilities and resources in the primary schools. Not 
much attention was given to the technological aspect of science 
teaching and the emphasis of the survey was on pure rather 
than applied science. The report, however, did emphasise the 
need for specialist teaching, the teaching of science to all 
pupils, and the value of time during the working day for 
co-ordinators of a school's science programme to work with 
colleagues. 

Very little happened &s a result of this report, despite the 
publication of the Schools Council/Kuffield Foundation's 
Science 5-13 Books in collaboration with MacDonald's 
Education Publishers in the early 70's. This series became 
the base line for several published schemes, in particular 



4 Si- 

» 



392 



Science Horizons and Learning through Science. It should be 
noted that the science in these schemes was not of a pure, 
wat»red-down secondary fonnat, but chile -centred with a large 
component of design and make. 

Vhat the originators of these schemes had overlooked was that 
without sufficient scientific knowledge and experience of 
teaching science, teachers in primary schools could not change 
the material in the workcards into a living reality in the 
classroom. While the Lapact of the primary survey of 1978 
was slow to take effect. Advisers and Inspectors in Local 
Education Authorities in the United Kingdom began to provide 
the necessary in-service Education and Training to implement 
the various published schemes, in some cases developing their 
own schemes as well. This activity, however, remained. 
Largely un-coordinated and under-'funded. 

It has been quite difficult in the United Kingdom in 
curriculum development to find the appropriate level of 
funding and coordinate this with an effective strategy for^ 
in-service training and implementation. Primary science in 
the United Kingdom is a good example of the two being out of 
step. In the early years there was a level of funding to 
produce the necessary resources, but there was not the network 
of in-service training to provide the expertise needed in the 
teaching force. When this expertise started to be developed, 
thsre was uot the funding to provide the appropriate 
resource levels. This is, of course, a simplification of 
the actual situation, but has been done to make a key point; 
namely, that the funding of resources and the necessary 
in-service training programme must be properly coordinated 
for any curriculum development to succeed. 

To maintain the development of the early 80*s, the Department 
of Education and Science produced a discussion paper 
entitled "Science in Primary Schools in 1983". The document 
indicated what suitable stepc should be ^aken in order that 
proper scientific (and technological) edur^tion would take 
place in primary schools. For example in selecting the 
content the paper suggests: 

1. The content should, wherever possible, be related 
to the experiences of the children. 

2. It should, in accordance with their stages of 
development, provide them with knowledge and 
understanding of scientific ideas to help them 
to understand their own physical and biological 
environments and to understand themselves. 



3. It should, where possible, lay th<i foundation for 
a progressively deepening knowledge and under- 
standing or scientific concepts and facts that will 
be useful to them as future citizens. 

^- It should include examples of the application of 
science to real-life problems including those of 
technology. 

"Die outcome of this discussion paper was for pressure to be 
put on the Department of Education and Science from Local 
Authorities and its own Inspectorate (i.e. Her Majesty's 
Inspectors) to help provide the necessary resources and 
training to develop primary science progracaaes. At the 
same time there were pressures for similar support for 
other areas of the curriculum across the whole age range of 
5-19. ^ As a consequence, the then Secretary of State for 
Education, Sir Keith Joseph, set up a scheme for Educational 
Support Grants. In the case of primary science £3 million 
was made available for the hundred or so Local Education 
Authorities to make ccapetitive bids for development in their 
own Authority, which vovered both the production of resources 
and the necessary training of teachers. In all, some forty 
Local Education Authorities obtained Educational Support 
Grants the first time round from this £3 million to set up 
their cvn projects, and Bromley was one of these forty. 
Submissioi.s for funding had to be written in 1984, and the 
successful local Education Authorities started their projects 
in September 1985, running for three years to August 1988. 
A further £3 million was made available in September 1906 
for other Authorities to make bids. 

The Education Support Grant arrangements for primary school 
science made it quite clear tha^ there was to be a direct 
relationship between science and technology. Indeed, 
Bromley's submission was, with two others, used as an 
example by the Departmant of Education and Science of that 
relationship, and was circulated to other Local Education 
Authorities that had not been successful the first time 
round* 

The Education Support Grant scheme has heen a considerable 
success in the United Kingdom because it has provided 
money directly to Local Education Authorities for the 
appointment of Advisers/Advisory Teachers to support 
colleague teachers, the development of resources, and for 
paying for teachers to cover tor teachers going for in- 
service training courses. Previously the Government had 
made money available to Local Authorities who then made 
their own decisions as to what money was spent on 
curriculum development and in-service training. 
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In many ca&cs this meant that very inadequate funding vat made 
available for these activities. The scheme, of course, is not 
without its critics who believe that this is taking authority 
away from the local scene into Central Government. This has 
raised the issue* yet again, of the advantages and dis- 
advantages between a centralised educational system and a 
locally administered one. For the author, the Educational 
Support Grants scheme represents a reasonable compromise and a 
workable one. It is unrealistic for Local Education 
Authorities in a modem technological society, to expect that 
they can ignore national needs and demands. Equally, however, 
there will be local and individual requirements and, provided 
the criteria allow a degree of flexibility, both the national 
need and the local requirement can be met. So far the 
De;)artment of Education ft Science has laid down broad 
guidelines in key areas, and an analysis of the various 
projects which have been funded indicate thct the Department 
of Eduction ft Science are prepared to allow a fair degree of 
flexibility. 

In Bromley, the primary science ESG project is being super- 
vised by the Authority's General Inspector for Mathematics, 
Science, Computer Education and Technology working with two 
advisory teachers on equivalent salary scales to primary 
school Head Teachers. The strategy for the development is 
that a group of primary schools release the teachers who will 
act as the Science/Co-ordinators to attend in-service training. 
This training has a three-fold purpose: 

(a) To improve and Increase the scientific 
understanding of the teachers involved so 
that they can handle concepts in the areas 
of energy, structures, materials, the living 
world, and so on. 

(b) Have direct experience of simple practical work 
and devf^lop an understanding of how to organise 
such activity in the primary classroom. 

(c) Become acquainted with the resources needed to 
develop a coherent science policy - the Bromley 
project is using the material from the Learning 
Science scheme. 

Cover for the teacher's in-service release is granted and 
extends to giving them time when they return to school to 
develop the necessary resources and to talk with their 
colleagues so that they too can begin to introduce science 
into their teaching. The two peripatetic advisory teachers 
visit the schools and give further help and support as 
confidence devulops. 




At the Conference the author will have on display cards from 
the learning through Science scheme, with photographs. to 
illustrate how the work is developed from these cards, 
particularly with respect to technological activity. It is 
alto hoped that a video will be prepared to run alongside 
thi« material to illustrate the work that has been going 
on in Bromley primary schools in developing technological, 
activity from a science base, which will be shown at th2 
author's session. 

The Design Dimension Project 

The Design Dimension project is a national curriculum 
development which has as its overall aim the establish- 
ment pf design education as a central concern of primary 
and secondary schools. I»r order to achieve ihis overall 
aim, the project seeks: 

(1) To clarify the contributions that a range of school 
subjects can make \o design education, to show the 
possible connection between them and to promote a 
wider understanding of what constitutes design 
education: 

(2) To develop further the teaching and learning 
methods that are effective in encouraging the 
growth of design skills capacity, intelligence 
and awareness: 

(3) To disseminate the results of the project's vo^\ 
through a cascade model, starting with four Local 
Education Authorities. 

To achieve these aims the project is giving priority to 
the four crucial areas of curricuU'm investigation and 
development; the establi^*-- - of centres of excellence 
(in the first instance in ici*. Local Education 
Authorities, including Bromley) where good practice can be 
fostered and made visible; teaching staff development and 
the production of resource material. 

It if the belief of the project team that the prin^ry aim 
of design in general education is to develop everybo/iy's 
design awareness uo that they cac: 

<1* Enjoy vith understanding and insight iche vitdn world 
of places, products r.nd images: 

(2) *>ke part in the peraon and public design decisions 
ttiP" afCect their lives and the life- of -.he 
community: 
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O) Design and criticiie design at their own level for 
their ovm material and spiritual needs: 

(4) Bring an understanding of design into their work. 

Fundamental to design activity is the skill of "imaging". 
This is the ability to make and use sketches, drawings, 
diagrams, plans, scale models, mock*-ups, prototypes and 
the like to represent, shape and evaluate what is and 
what might be. 

Designing is a fundamental part of technological 
activity, and Indeed, many people would argue that the 
marriage of design and science equates to technological 
activity. 

The Bromley Design Dimension project is using a British 
Leyland "flexibus" as a mobile workshop and resource 
unit. This vehicle is the flagship of the project and 
is furnished with the relevant equipment needed to support 
design studies. It can be used for seminars, discussions, 
audiovisual presentations, exhibitions and houses a 
comprehensive set of literature and curriculum support 
material. 

The project is a partnership between Bromley and the 
Department of Trade and Industry, in association with the 
participating authorities in the first phase of 
Gloucestershire, Cleveland and Sutton. 

The Field Officer of the project has developed a particular 
interest in the development of design and technology in 
primary schools and is concerned that if design /awareness 
and skills, and an understanding of basic scientific 
concepts, are overlooked, there is a real danger that 
technology \i many pricar:' schools will be seen as little 
more than a» extension of existing craft practices, with 
a heavy emphasis on repetitive and copied model making. 

The author of this paper will be bringing a display of 
work that has been going on in primary schools under the 
auspices of the Design Dimension project to illustrate 
hov craft work has been developed into design work, and 
then progressed to technological activity. 

4. Technology in Primary Schools 

If "ad hoc" science work, largely confined to nature 
study. Is. developed into a coherent science progransoe in 
primary schools (where .pupils are introduced to the 
scientific process and core concepts/skills in science); 
and if craft work (which is largely confined to model 
making) is extended into design activities, primary schools; 
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will hive 1 bate from vhich to nove into technology. 

If thit ttrategy is developed, the pitfalls of the 
"popular" approach to primary school technology of the 
repetitive use of building models (particularly bridges, 
l^ites, gliders and wheeled vehicles of various kinds), 
can be avoided. This "popular" approach presents a very 
narrow view of technology and quickly degenerates into 
the use of formulii which have been found to work 
successfully in the past. Model making such as this 
fails to encourage children to find and fse existing 
knowledge I or create new knowledge through experimsnt; 
it ignores social values and judgements; and presents 
an image of technology to the child » parent an4 teachers 
of a purely recreational activity. It also largely ignores 
the systematic technological approach to solving problems 
and I tKereforei neither allows the child to experieace to 
any depth the technologist's role nor increases their 
general technological awareness. 

Finallyi if technology is to be developed from primary 
^science and design activities* Head Teachers must ensure 
that there is a strategy and mt:chanism for doing this in 
their schools* Certainly the coordinators of Science 
and Design will need to coordinate their work» and that 
of the other teachers in the school, so that their teaching 
does not stop short uf mounting technological projects* 
Schools must also avoid choosing starting points \/hich may 
not challenge children to problem-solve , because they have 
already seen solutions in real life* 

Thus building a land*7acht to cross the playground may not 
exercise their technological problem-solving skills as much 
as asking them to consider the problem of hardness testing 
and devising a method for doing this* _ In-service training 
and education must also not avoid helping teachers acquire 
basic scientific and design knowledge themselves, and the 
associated practical skills* This is particularly true with 
respect to tool skills as most primary schools have a high 
number of vromen teachers who have had little or no formal 
training in tt^e use of tools* 

It is also important that technological project work should 
not be separated from aakins pupils more aware about 
technology in general* The two should he supportive of 
each other and each can develop through a consideration of 
the other* 

In the United Kingdom it is essential that children develop 
an awareness and appreciation of technological activity in 
the primary school, in order that this experience helps them 
develop positive attitudes and overcome the fetlings of 
strangeness that they may feel about secondary school 
technology, particularly girls* 
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(a) Pre^Unlversity Educational Syttem in the United Kingdoo 

The United Kingdom has a three stage educational 
iystca run by around 120 tocal Education Authorities: 

Prioao' 5-11 All ability, co-education4l, 

and soaetlats seprated into 
Infant (5-7) and junior (7-11) • 

Secondary 11-16 Mainly all-ability; co- 
educational and singla stxt 
sooe Authorities still retain 
an eleiaent of selection, but 
only a few have a fully selective 
system where at 11 children are 
selected by examination for 
particular schools, i.e. granmr, 
technical or secondary modem. 



Tertiary 16 Further: Sixth Form Colleges, 

upwj^rds Technical Colleges, Further 
Education Colleges etc. 

Higher: Institutes of Higher Education, 
Polytechnics, Universities etc.. 



Further Education starts at 16, Higher Education at 18, 
with secondary schools still providing courses for the 
16-18 age group for cany pupils. Entry to Higher 
Education is by exanination and normally three good 
passes at Advanced level of the General Certificate 
of Education ere needed. 

Some Authorities provide a first, middle and upper school 
system, which bridges these 3 stages, i.e-: 

First School - 5 to 9 
Middle School - 5 to 14 
Upper School - 14 to 18 

Bromley is £ small Local Education Authority on the out- 
skirts of London with 20 secondsry schools, C4 printry 
schools, 5 special schools, and 3 F/H£ Colleges* 




the author's paper relates to the prinary school stage 
and the developoent of science and technology curriculuo 
iu prlx&ary aciioola* 

In the atructurc the Syoposium it relates to Section 
2«2, but the acconpanying xoaterial will fit the 
requirement of Section 2.A* 

Autobiographical Note 

The author haa spent aooe 25 yeara in education in the 
United Kingdom. After teaching at £vo aeondary 
achoola, a per^oci of, 10 yeara vaa apent in teacher 
training, firat at a College of Education and then at 
Bath Univeraity School of Education. In 1978 the 
author Kook up the post of General Inspector for 
Science, Mathenatics, Technology, and Coaputer Education 
in Broaley. 

In 1981, he vas protoo^ed to the rank of Principal 
Assistant. T'rector of Education for the Inspectorate » 
Prinary sch^^Is and Special Education, exchanging the 
latter two areas of responsibility for Secondary schools 
in 1982. 
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TECHSOLOGY AND IMPROVEMENT OF EDUCATION FOR MINORITY 
AND HANDICAPPED STUDcNTS 



Hugh J. Scott, John Niman, Letter Mamn (Hunter College/City Uni- 
versity of New York) 



Irttroduction 



Hhtnsvttr askad to discuss ths sdbcational values of 
ocBtMters %m often zvcall a dialog bstween Hahatsa Ghaidi and a 
rqportar* Ihs lattsr aslcsd Ghaxidi: 

Mr. <?)andi, «hat do you thijik of Wsstam Civilization?** 

Qundi nplisd: 

** It vas probably a good idaa.** 

Alas, ths fata of good ideas and of those vho propose then 
is not always enoouraging. An object lessen to this effect was 
onoe provided — albeit untfittingly^-^ a fifth grade student tiho 
vas aslced Jsy his teacher to tell vftiat he }cnev about Socrates. 
The student's response? 

**Socrates was a great nan. 
Socrates was a vise oan. 
Socrates gave good advioe to cthars. 
Ihey poisoned Socrates*** 

Our presentation, then, attenpts to address sane of the issues 
confronting the use of oocputer and orrputer based technologies 
with two significant gxoi^ of the American student population 
in the United States towards whose needs for such technology 
particularly nost be addressed: Ihe first of these grcups 
consists of urban disadvantaged students, i.e., black inner city 
children and students of recent foreign antecedents for whan 
English is a second language, e.g., Hispanic students. Ihe 
second group is constituted fros haniic^ped students; the 
latter now represent najor targets for educational efforts in 
the united States, which is seeking to bring such students into 
the mainstream of Anerican society. 

We offer our paper, its review and our opinions with 
strongier beliefs than CSvuidi held about Western 
civilization— for we know that occputer education is a good 
ideal We also offer our opinions )cnawing, as did air student 
narrating his Socratean tale, that giving others good advioe is 
is not always appreciated, but believing— nonetheless— that it 
is worth giving. 



EJJC 



'Ihft Crisis in Achievnent of Minor ity Students in America 

Blades and Hi^anios constitute 25% of so of the pcpOation 
in the ^ Uhited States; that peroentage is expected to mmU to 
33% ]9y the year 2000. New Voidc City, which currently serves an 

5^ • 
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•weOJamt of mm 936,000 studnts, V3 of «hen com froa 
mjotlty In 24 out of 25 mjor dtlM In thMsStS 

are lU«ly to b« th« rKipltnts of a gm^Uy in^^ 
education as oeBparwl to thalTSiita p«rs. ^""^^ »renor 

Hi™n^j!lSJi^ -uffered try ninority, i.e.. Blade aid 
H^nic studwTts are acute, noet particularly within ur^ 
sAool settings, «bere alnority prcblens of unJerLhiev^iTKe 
P?^'^!?* ocrtinued lade of efSc^^SSil^ 

« ..i^Jr"^ to by a aassive drcpout rates in its cities 
^^*»/ . Of HispanicTSen the agTof IslSI; 

S^n^^f to 83.9* fcr viiites and 

32r^f^* JLJIJ^^P^^ *t *he college l«v^ 

^ 18?Sf KL^""^ '^•^ «^»llege 

Partioilarly aalnaus for our ainorltv stixientfi mn r^iA 
ru^ into our t«±nological fu^2 SS^S^ri^^lS 

a*ievment tests; and that they rarely Awee.tr«^to 
wthewtic. or «d««e courseTln theiJ ^^tD. ito 
negative isislicaticns of sudi findings for the ta^taSc^lSi 
ftJUB»^ .inori^stuJ^ is atteSdto tea^SclS^iS^ 
l^J^}"' «^g^" *«lnj schools cnly 3* of bSSTSrtet*^ 
th^ 9«ral'pq«lation. n^SS^Sf 

uLs.^?^ e«^30% ocaiilate their Khooling Sia 40% of 
Hi^anicB) as ooniiand to 70% of aU other students. 

Hh-ri..*^'*Ji?^ /i?™" "» «>• eHJlpynient aoene. 

Vtojreas, 10% of the labor force oonsists of baadXorty2!«of 
■cienoe and tagineerln? iwfessicuals is bla* 2S of 5^ 

ramer than physical acianoe (thus lesu liJmlv to h> 
tertnca^lcally proficient), and'^weralS iSaf S 
•^ta^tiv. duties (thus r<,»vlng t^^l^ ?2fflgic^ 
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Iht statistics maucqhig ftoa national tast bandsoazks of 
9c n(k Kii c a^daviisii t . ara in siadlar vaina. Ifaua on tba 1935 
Scholastic Aptittt3a Itovts (SATS) avarage sootis of 490 in 
aAthnatics wtta zagistarad for «hita, ocnparad to only 405 for 
Pjarto Ricans and 376 fdr Blactai* 

Hot axa tiM adiiavannt vasUlts anoouragin? in other areas* 
Ihe heart of tacftnological proficiency is aathenatical 
proficiancy. Bammt,. such proficiency, to achiava its fullest 
rac^iiras the pa r t ic i p a t i on of otbar fhctars beyond ••pim** 
aathenatical capabilitiaa: Ttm mt iaportent of vhich is 
languaga ooepetancy in vhicfa minority cpxqps hava alss tended to 
ahcw lev achiaveaieRt. HeeeM-Lh claarly reveals significant and 
definitive oocralations between achiawDont in aathBiiatics and 
reading ability. Ohus, the inadaqoata and inefficient reading 
achievesaent of 9»ny Black and Hif^anic atuSents, th^ 
consequenc3es of inadaqaata pedagogy by ard lar^, means that 
their mathematical achievement will be negatively affected, even 
^Jhen they have good mathsnaatical potential, ihis is to be 
expected—of ocurse. Wiile slcple mathematical occputations 
may not pose great difficulties for the non English proficient 
students, language proficiency is essential to translate word 
probleos (often densely pacted with Inforar -ion) into 
mathematical syntools and cperaticns. ShotOd we nou then expect 
mathematical difficulties froa Hispanic students, appradmately 
1/2 of vjhcm, attending American schools, have been identified as 
having limited oral and written English proficiency^. Cie 
1985 SATs reveal that the average verbal scores for whites was 
449 versus 373 for Puerto Ricans and 346 for Blacks; still 
another testimony to the inadequate education provided minority 
students in the united States. 

Clearly the challenges presented to American education by 
minority students are massive ones, requiring significant gains 
on sany fronts if significant achievements are to be made in 
preparing thea to tate their places in today's aixi taaorrw*s 
technological societies. Die enormity of the challenge that 
confronts Arsrican society in this respect is presently on stage 
in the form of adult illiteracy. 



Adult Illiteracy 

Djere are different approaches to determining the w^n^wirrn 
levftl'5 of functional literacy. Bdiicators have often defined it 
as hiix)g able to read at a 6th grade level. Hare airbitious 
viewpDints assign it to the 8th grade reading level. According 
to tlie U.S. D epa r tment of Education there are c u rre nt ly over 27 
million adults over the age of 16 who are fuzKtionally 
illiterate. Nor is this peroentags liJcely to ronain static for 
the numbers of such illiterates are growing at a rate of 2.3 
million a year; i.e., with the addition of 1.3 non a^lish 
speaJdng imigrants (both legal and non legal) and another 
million or so American high school drqpouts or graduates with 
inadequate readii^ skills. 
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xwifSf^™.** ?* »'»tlcnal Assessment of Bixatloned 
(NAEP), 41% of black 17 year olds are functianSS 
lllit«at«, as oa>{>ar^8d vdth 8% of their white^STniS 
lUitjra^ asans that they have difficulty in fSioSm 
S^^^°^ ^ iBadlr^ directia« 

*^ ^ writing a check, m Atlanta, Georgia, it 
wsf ound that one cut of el^ workers in ci^lwlm^ient 
It 1. cleany evidert: that ttTl^S 

^f!^ •ssential foci of educational 

^T^^t^S^^. «oceed in today.. tecl«>lc^ 

oo^utar tedmolaiy to r«}uce the crisis ?f 
^^oc^ Ina^e^iid^i on the part of ainarity stuJents is 
^^?^Jil*^^ - ^ just aention a few. A^Sw to 

P«9«» developed 
'^r^,/^ ^ ™ has already been fcmi to have 
^S^^v,^^^'^^''""*^ ^ 300:000 sdMol childrS 
ffP^J^ acquisition of bSS 
reading dtills. A similar venture, begun Sajteober 1986 is 

^^^^.'^^ imiteracy'i^^SinfaSt^?hoS 
^ read below the fifth grade le^. ihis pr~ ^ 

^^<V Syste«^lS^;n m 
^^rtndow tojch sensitive nsnitor. a Pioneer Lv5-6000 

^^'^ ^ progranaed videcdisks. Such programs 
l^f^^^"^^ ?^^^ °^ Illiteracy ani tovH^ 

'^,,i=5«ivln5 the readily skills of limited I^li^ 
proficient cUildren; they are also addressing thTnSds 
prisai imates, many of v*Mn are functionally iUiteSte. 

Ihe most visible exanple of cccpater technology that can 
^ ^f^'^^-^}^^^ ftoctW in the ma^tStL^ 
"biqutlcus cne: Ohe word process^lS^^ 
«^ even syntacS 

S?v^«!r^f ^ processor is a greit braTto 

SS^JS^^^ difficulties vdth the a^lish iSguagiTlt 

«n help stodents with lew verbal skills car^ out a^ 

"^l??* i« *«rk 8ituatic«s, vto, in prevloS^^ 
wculd have been entirely barred frco any succ^. 

observed that ther« are esctensive and 
effective ooBputer baaed aathenatics instruction S^^Tttot 
the aa^ feaaa Insights of suA Sctol^ l^ 
Patrick SuFpes dewn Into the world of mlcroSip^r^ 
?l|g^_alculation Bkills thraqh thT hS^Sims^ 
trigoncnetry and beyand, there ^ocBfub^^a^TZ to 
teach, drill, am raaedially assist stuSsto StSiif ' 

fe,. ^LiS,,^"'^' ^'^'^ ocuputer assisted tedinology 
ftr iproving the language skills required for naSK 
proficiency of lew English prof iclent Si3ents Is Swrt^SS, 
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and isfsrcvin? daily. Miile, as ocnoarm aathenatical 
prof icittxy itself (language factors apart) , mt^n-^r assisted 
technology for aathenatically training students language 
proficiency is not only available but is extei^ve and aature. 

Clearly then, there is no excuse now to seek to rcnedy 
the aat hwn a t i c al and lar^ruage deficiencies of Bi«>rity and 
aiglish deficient students in the United States. However, the 
ef factive iaplementation of educational technology is deiJencJent 
cn jaajor financial investaients, and the American society has 
been loathe to ocranit itself to suth investments, ©jus, the 
sdrol districts that c ur r ent ly provide the greatest anounts of 
ocRjwter instruction to their stuJents are alucst alvays 
located in the more affluent of Aiaerican oaaamities, Adhere 
parents are aiost liJcely to insist that theilr children receive 
-such instruction whDe at the ssne tixae their are garnished by 
one or nore heme ccqputers, riq)lete with appropriate 
educational software for their children. Indeed, it has been 
detenained that ocnputer assisted instruction was initially 
inaugurated in American schools by the insistence of white, 
middle class —mainly suburban— faiailies, rather than by 
teachers, school administrators or occ^wter manufacturers^ ♦ 
Conversely, American schools serviixf poor and lai^uage 
disadvantaged students are usually under-finanoed and have 
great difficult in providing the barest of cocputer tedinology 
and prcgraiming for their underprivileged charges; while the 
parents of the. children attendiig these tchools, individuals 
strugglir»? to provide the bare nec3ssities of life, ^ often 
suffering frcm poor educational experiences thesselves, cannot 
be e>q)ected to urge schools onward in respect to providir^ 
caiputer instruction, nor to provide hone assistance to such 
instruction themselves; It is unreasonable to expect to find 
hana cccputars in C3ietto hai£s! 

Ihere are trends mitigating against the iEprovemsnt of 
these ciromstanoes over the next several years, zs efforts to 
reduce Federal spending aooelerate , Indeed, many educators 
believe that if there are reductions of expenditures in 
education in the future that these reductions are most likely 
to penalize school districts serving econcmically disadvantaged 
grcw?«--inost usually ccnoentrated in large urban areas — the 
moert:. XH this will be tnie, thJ hope of helpii^ minority and 
other underprivileged sdiool children capable of dealii^ with 
taiorrw's technological world will be dashbi and severe social 
consequences will result for the American society. Ohe hope for 
a more premising future in respect to these diildren depeirls on 
an enlightened public, able to recognize that effective 
education is essential to the well being of the united States, 
and their abilily— as wall— to recognize the the cost 
efficiencies of occputer assisted instruction. \f& shall return 
to this point at the dose of our presentation. 



QOTPUter Use in Special Education 

While there is still nuch to be dona, it cannot be denied 
tliat the American public has generously camitted resources to 
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hoping hardicaFped staxJeitts iiver the psst several vm«. 
Indeed to helpi,^ hanaiawcu IndivMJnf ^^.^ 
^^^"f Japrassive In respect to the aoo^ijseof 

injS85 it vas wpOTted that 10% of eleaenb^^dseocn^ 

h^^!?^ i,^^6 PerscnaUy Uvable for the 

tondicajped of aU agsa.^, and without extensive human heS^ 

Sacfcrnn4^i?^ ^''^ alcrochip technology includes 

Sehe^ barriersj^nthetic speech generators for 

oSt Ijpired, ccnprter controlled devices 

^icef^A^r^^ Incapacities to waSrS 

S^i^,- paralyzed individuals to conSol a 

«=fwter with an eye blink. it also induJes ^vLv 
, processors, WniA perST^^Sfly 
impaired individuals to replace dL.ioieJtt visual^o?sSlls 
and spellii^ deficiencies and even correct theS cSf 

ffi^"^ ^ ^ microchip revolutimf aSic 

auldren, estraigei frcn the envirormen^ r-lrZ ^ 

rtters via ox?«ter keyboards and drawing tabl^Sfalla^ 
"f"^. «»»f°rtable and secm^ in the «wld arouS 

^Sa^^^^^^J^r'^^Sir*^^ ^ "=» thrcatSg 
riVi wAuenoe in their lives can thus be verv h^inftti 

them feel both aore cotfortabiTv^'ffiSSS'aiSS 

learning disabl^TWalg^ SS, %yffil? 
handicapE«d aid deaf aid blind stisertrto^iver^^S 

^v^LS«^marS^^-dif?K^ 
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Also of gnat inixsrtance, in addition to the occ(3Uter 
oontributiGns to tha well being and educaticn of the 
handica^jped, is the fact that occpjterized technologies are 
enabling handice^^ped students to beocne productive wos^dng 
adults, and to often be mglcr/ed in technological 
capacities— despite the^x handicap. Ihe use of micaxcaepatm 
Bakes it possible to icr-oare pt^ically ha n dican?ad students, 
and to later aid than as adults, for technological jobs, either 
at hcne cr in the daily voricplaoe; it also provides them with 
the acbility that th^ need to effectively wrk. Blind 
students training for later wrk careers can read all sorts of 
regular printed aaaterials using Qptiocns, and with the help cf 
VersaBraillers translate vord processing texts and spread sheet 
data to Braille, and later translate their own Braille \Ksrk, 
into reguiar vord processing anr^ ^sread sheet files for their 
seeing ocworkers to redd. Students with limited vision %to are 
pr^saring f oi.* the voa^ force can be taught to use the Vista 
Vert Plus machines to ocnbine large print xoatters on a laonitor 
with synthetic speech. 

Par those \itx> zie deaf there are new contoured hearing aids 
that ^secially acMress their unique hearing disabilities and 
tedmology that translates the hman voice into graphic or 
printed r^resentations, all of which Eia3ces it laare liJiely that 
they can be educationally prepared to vork amidst the hearing 

For the learning disabled and Dentally retanied there are 
means of turning alphanumeric cmbirations which they cannot 
understand into graphic sysbols which they can recognize and 
isanipulate. They can thus be taught to use visually configured 
cash registers and prepare for jobs which their language and 
loatheroatics deficiencies wsuld hafve prchibited thm froo in an 
earlier, nsn tech.*»logical age. !Ihey can leam to charge 
correct amounts f oi: things with nazies and costs nuaabers they 
cannot read or calculate —and leam to give correct ciiange as 
well— all because of micxooccputers. Vfi^ereas hand calculators 
have i&ade balancing ol cheddsoblcs and digital watches the 
telling of tine— all part of the the workday world— possible 
for handica^:ped students whose cognitive disabilities once 
entir^y barred then frcn such achievements. 
It should be observed here that many of the technologies 
suitable for low achieving ncn^umdic2$:ped students can 
profitably be used with learning disabled and retarded ones; 
and— vice versa! 

Perhaps siost isixirtant for the handicapped student, even 
though it canrot necessarily be directly correlated with 
achieven^nts in school or to job success is the fact that 
sdcrocccputers can instill a sense of personal occ^tency in 
the handicapped learner. Handic2^:ped learners are prone to 
Viet/ thesselvfe^ as helpless and at the nercy of environmental 
forces beycnd their control. Using aicroccqputers they nay 
develop a sense of being able to exert **power** and feel able to 
affect their enviitnoents through their own efforts; to sake 
things happen through ^heir own actions! Hew important are sudi 
attitudes and feelings to individuals }Jho so often are made to 
feel ixMerless and in^! Thus, nicroocBputers can be scurces 
of considerable s^ ertorxxsoent for handicapped individuals. 
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The Challame and thi. Pntfrl^g 

Ohe ^ technology of the ocniMter age stands ready to iaprov'e 
the education, work amiabilities and lives of students who 
previously, •ither iwcause of societal punishnertts visited vpon 
them because of tiieir aiinority status, or because of English 
language lijnitaticns, or iDscause of handicaps have been denied 
the full benefits of American education* lhat tecSrology aay 
not be fully perfected at present, it is, however/fUlly 
^pable DEW of significantly transfoming the lives of minority 
sUJdents suffering frcm acadeodc failure, of Hiroanics vjhose 
futures are presently f oor-dosed because they cannot fUllv 
respond to instruction in English, and of handicarped students 
vi» just new— finally-ar& being invited to take their places 
in the nainstreaaa of American schcxjls and society''®. 

Unfortunately schools in the United States have not 
adequately i^lied the fruits of the ocnputer revolution to 
their needs of education. Ohey rarely have enou^ occputer 
eqoipnent to effectively serve their stxadents. They have seldcsn 
hired the best of oaqxiter consultants and progtazraners to 
advise or manage their efforts at either prtagrainmira or using 
existing applications— because of their unwillingness to pay 
the going rate required for the best of these. Educational 
software hcuses have di in p ed massive arounts of pedagcgically 
unsound software on the aar)cet — ^jhich, viien used, has 
disa:uraged many teachers f roa further atteapts to use 
Odiputers instructicaially. Worst of aU, perhaps, is that 
school boards have expected teachers to beccroe experts in the 
instructional use of carpoters after ainiral periods of 
Gaining and opportunities for practice. !nv» typical scene 
through most schools stiU is either (a) insufficient 
iaiCTocai?xiters and software,(2) ill pr^ared or inadequate 
nurob^s of professionals to e^ly oarputers instructionally, or 
rL as aU of us toiow, there has been little 

definitive research done to det^.^uine the best uses of occputer 
as:5isted instruction (though it has decidedly acoel^ted 
during the past several years). Certainly, we still toiow little 
as to now best use ccnputers with and for inner city 
oisadyantaged school children, cidldren with Erwlish language 
deficiencies and those with ipecial needs dictated by their 
handicaps. 

ait we need not beccne discouraged. New tiends in American 
education are eaerging. Ohe American public has finally 
realized that its teachers are inadequately paid and the 
salaries for teachers have risen dramatically over the past two 
yaars. At the same tiiae, recent figures published by R>rbes 
Magazine indicate that increased expenditures for education do 
not appear to result In grwrt^ educational gains, and -xh 
figures are new being used by aneoies of public education to 
fight against further increases In financial stEport of 
American public schools. Ohe aneaies of public educaticn, and 
even those critics vftio support it, are not very willing to 
aooQ3t the reasonable arguaents by defenders of public 
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•ducationi to tte feet that the public schools of today have 
ware dflDDands placed vfcn than new than ever Iseforet both in 
terxDS of the diversity of student populations and increased 
student problens. Nor do they wish to hear that public schools 
aust notf eoccnoodate students— in cMmhelsdng nstes— ' vho 
cannot aana^e the Bngli^ language or vho are handica(:ped, or 
«hcse Morlier eoqorlenoes hove created mssive pce-educational 
deficits; or that teaching handicapped studmts is an extmaely 
ooGtly proposition. Ihey sisply point to the fact that 
incraased financing of public education does not appear to have 
resulted in inproved school achievnent. 

i4e believe that aany of the argvansnts of those vho 
criticize Aaerican public schools are either naive or 
qpecious. He also believe that they can be beneficial. For 
^eir challanges— and threats-* to the X^»erlcan public school 
system will finally f oroe that system to invest in cnputer 
assisted instruction so as to beocne sere cost efficient— and 
to a degree that will, at long lost, sake a real, and visible 
differ«r)oe in the public schools* use of occputer technology to 
help xdnority, Qiglish language deficient, and handicapped 
studer^. We are tal3cing here, not of the possibilities of the 
future, but of the capacities of the present* For the 
occputer, particularly the microocnputer, is admirably suited 
to perfozn those tasks that the Aioerican public, and the 
critics of toerican public education, dwrnnrris nost frcci its 
schools* Ihey do not cccplain that the students vho pass 
through our schools cannot vmderstand the finer points 
of Shakespeare or that they cannot 7Ttfi*;tftr Boolean Alg^ra* Nbr 
does that public usually insist tqpcn any particular theories or 
philofhies of education* Instead, that public is insisting 
that the schools teach their students the fundainentals ot 
reading, writing and arithmetic* And for these jwrposes, 
teaching conputers, tirelessly in willingness to engage in 
repetitive instruction, patient and non abusive or humiliating, 
and forever ready to help donand, are ideal* Ihey can 
benefit regular learners* Obey are essential for those 
studenus «ho are disadvantaged, hove problems mastering the 
&iglish language, or «ho are handica^iped* 

And— just as it took the shock of the Japanese autcwnhile 
invasion in the united States to shake Aireriain car 
nanuf actuzers cut of their torpor and to adept netf technologies 
to isprove their proc^xt8; so will the rising voioe of critics 
finally force inpleraentation of occputer technology in cur 
schools* It is about timet 
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TECHNOLOGY AS PART OF GENERAL EDUCATION 
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Historical Perar/ective 

Technology is as ancient as mankind. As nan developed so did the 
quality and sophistication of his tools. However, ouch o^ the earlier 
technological development had t>een through handicrafts, which led to the 
first industrial revolution. Gradually, technology grew to more 
complex and its activities have never been more widespread and revolu- 
tionary aa in the second half of the twentieth century. So much so 
that during the last decades it has, along with science, become an all- 
porvasive driving force in our socio-cultural and economic development 
both in the urban and rural environments, influencing our attitudes and 
values in daily life. 

In early days when there were no schools, the village craftsman 
played a significant role in teachirg technological knowledge and skills 
related to the immediate environment of the learner. With the institu- 
tionalization of learning, the learner became isolated in an artificial 
world of the school where education tended to be mo'^e academic emphasiz- 
ing intellectual development. Since technology symbolizing manual work 
was not identified as a possible academic pathway for some employment, 
it lost favour both with students and their parents and acquired a 
certain disdain as something inferior to academic education. As a 
result formal education related to technology took time to develop. 
And uttimately, when it did towards the end of the nineteenth century, 
attempts in western countries were made to initiate it through special 
schools catering mainly for those unable to pursue the academic educa- 
tion. Sadly, many developing countries followed suit. The immediate 
consequence of this dichotomy was that almost all students pursuing 
general education remained ignorant of the working of technology which, 
along with science, is a necessary prerequisite for improving and sus- 
taining the complex structure o/ modern civilization. Thus, while we 
need engineers, scientists and technicians for the purpose, we also need 
a population who is knowledgeable and supportive of both science and 
technology and is able to exercise its choice of available technolo- 
gical options to solve its emerging needs. 

General Education and Technology 

Following the policy of democratization of education in many 
developing countries, there emerged a trend for generalization of 
school education. In this respect Para 11.7 of the Unesco Recommenda- 
tion concerning technical and vocational education (1962) reads, "...the 
cultural content of technical and vocational education should be set 
at such a level that the inevitable specialization does not stifle 
broader interests. On the other hand, general education should not be 
limited to providing knowledge but should also prepare every student 
for active participation in life by providing him with an under- 
standing of the production and utilization of goods created with the 
help of technology and with a better comprehension of the world in 
which he lives". This Recommendation was revised in 197U. Para 19, 
item IV emphasizes that "initiation to technology and to the world of 
work should be an essential component of general education, without 
which this education is incomplete. An understanding of the technolo- 
gical facet of modern culture in both its positive and negative attri- 
butes, and an appreciation of work requiring practical skills should 
thereby be acquired". 

6g 
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technology In general education and pool the available Inforoation 
and usable experience on the subject. Tims, a series of 37 case 
studies (1979-80), pilot projects ( 1981-83) i global survey (1986) 
and an international ayoposlum on the subject (1985) were specifically 
organized as part of Unesco^a progranane on the teaching of science and 
technology. Sooe recent meetlnga with bearing on technology education 
Include those held In Singapore (1976), Cairo (1978), Paris (1980, 1981). 
The said case atudles have alnce been synthesized and published as 
V61ume 4 of the Science and Technology Education Documen Series (1983)* 
Currently, a teacher's guide and eocne teaching-learning BuUules on the 
subject of technology as part of general education are under preparation. 

Place of Technology In School Curricula 

Of the 161 Unesco Member States In 198»«, 97 replied to the question- 
naire to determine the place of science and technology In their school 
curricula. Based on these returns and the synthesis of 37 case studies 
(1983), the situation of technology and Its teachlng^ls far from clear and 
Is strongly Indicative of a wide-spread need for help. .Many countries In 
Africa, the Arab States, Asia, Europe and Latin America do not show any 
tecnnology teaching on their primary time-tables. In the Arab States, 
Yemen categorically denies -teaching of any technology while sixteen 
countries make no entries under the heading of technology. An average 
total time ranges from 1.6 hours (gradet 1-2) to 1.5 hours (grades 3-6) 
and 2.6 hours (grades 7-9). It emerges; that technology teaching as 
part of general education is comparatively recent i and, as yet, there Is 
little consensus about how It can or should be done even among those 
countries maKlng a determined attempt to do so. In the abser.ce of an 
agreed or commonly understood meaning of 'technology' , the 'what* and 
•how* of Its teaching Is rather diffused and confused; and so different 
countries vary In their approach, organization and emphasis In pursuing 
It In their general education. 

Many respondents from Africa, the Arab Sutes, Asia, Europe and 
Latin America have treated technology either In the form of technical 
and vocatlonas subjects to develop selected skills for specific voca- 
tions or as art and craft and home science to serve as an Initiation 
to mjuiual skills or work experience. Thus, Kenya mentions simple 'art 
and craft* while Rawanda lists carpentry, bricklaying, home-making and 
agriculture under technology teaching at primary level. At secondary 
level technology Is taught through a variety of technical subjects 
such as woodwrk/metalwork and technical drawing (Botswana, Malawi, 
Tunisia, Uruguay); home economics /science (Austria, Kenya, Malaysia, 
Brazil, Sri Lanka, Denmark, Finland); crafts/uandlcrafts (Austria, 
Brazil, Chile, Finland, France, Ghana, Syria, Morocco, Ukrainian SSR, 
Zaire, Japan); agrlculture/agrotechnlcal studies (Brazil, China, Paki- 
stan, Malaysia, Costa Rica, Guinea, Hungary); technical drawing (Botswana, 
Malawi, Great Britain, many Arab States); commercial subjects (Sudan, 
Tanzania, Kenya, Malaysia); Industrial arts (Australia, U.S.A., St. Lucia, 
Sudan); computer studies (Australia, Norway, U.K., the Netherlands); and 
other subjects Including electricity, electronics and design, etc. (U.K.y 
Denmark, France). Practical activities are mmtloned by India where 
socially useful productive work (SUPW) is a compulsory element of educa- 
tion in grades 9-12. Judging from the time allocation, it appears that 
technology Is a significant feature of education In countries of Latin 
America and the Caribbean. The term 'technology' seems to have a very 
broad connotation In the region. In Colombia, for example, various 
options Included under this heading refer to vocational abilities and 
" skills such as typewriting, broadcasting techniques, agricultural 
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PMoui^r* "fO'llinS. cooking or exploitation of marine 

resources. There .re yet other countries (Cuaeroon, Uganda, Gambia 
Seychelles. Kenya) where technology is taught through s^enie e^ucailon. 

ther«''!ri:^!! l^^' 5:^°!? T"^ °^ subjects treated under technology. 
^sT,uM«t evolution cf • technoiogy • 

^ Seneral school curriculum. France, for examnle 
r/Zlf, hat t.,chnic.l subjects in the school curM u a are nIS'Ling 
repUced.slowly by such technology courses as inforaatics. eie^ro^l^ 
so?,^?^"^'"'' 'IV »M.«e«nt. They are to be ilrec^ed't^arts finding a 
•xJrMMni i'f ^ ^"^"'"-y =°«=«'-" with I?ud1nts 
I^Jl^d «d u","""?" "kewiss. attemtps are in pro^"« in 

!?J;^h„^nJ^'i" S° ""^'2' »ki;i,, with courses 

„n.^!^ J t"^ °" Technology (CDT) curriculum 

?arlj Sco?l^S "^JT"': °" «P«rlenced in the fieJd:'°si^. 

larly, Scotland is also developing a course in technology as oart of 
a project. "Educaticn for the Indusf ' Society'. In S^eb^c (Canada) 

uJe o?^^ K nn? ^' °" '"^'^ technolog/in the 

life of man. building construction, mechanical technology, electrical 
technology, and technology in the world of work with the purpose of 

l^™ctw»''"^'\'T^"'''«' ^"'"'•y^ ^" correlation „Uh pra'cUca! work 
(practice) about the modern technological world. Similar efforts are 
also reported frca the Hetherlands. Greece, Ireland and Li Lanka. 

Working Concent of Technolof^ 

Despite the fact that various aspects of technolon h.... ». j 

m^iill 'ZT. t? '"r'S""' ^" englnetSf iSd t^I a" s. 

;^«f?J . / education, poly technical education, arts and 

Jo^a; nari f ^r'""'" ''"'^ '"e concepJ'o? t^chno- 

l^f^. ^"""'■''^ education, unlike science, is still fluid. The 

issue is further complicated by the existence in gcne.-al education of^fl 

tln^T, l ^T- " ^' '■*°' ""■P'-l'lns. therefore, that responSers ?n 
Minll'^ - xes have problems in coming to terms with the subjec? and 
defining .. place in the school curriculum and time-table. 

in OnL'c'o^: p'u^it'tJS^s'Sn" '4o,ilTorll^l\^^^^^^^^ 

Ed'utS '''''' '^^ "te^mll^^Vf^ecin^ L''^ ational 

Education" (198U). The latter defines technology in terms oT 'technical 
Se^t^of '"'T' °' education, whiih refer to "those^So- 

eJementl oJ ^^'h ? education curriculum which introduce pupils to 
elements of technology in order to acquaint them with the role of techno 
logy in contemporary life and permit them to develop basic sklUs in ^T 

at o^'?:: °f -materials. This eSement of geJeraJ 

ltr^,tT i ^V^^'^ Infof^ation and guidance purpofes for 

eventual educational and occupational choicer, but it is not Intend^ 

TtZlTJ'/T^ " o==upaWon". It iS furShe? 

stated that ideas expressed in this definition apply equally to 

idn^^?^°f /" °'-i«ntation cycle- in France, "o -poiyJechnical 
education' in the USSR and to -industrial arts' in the USA. 

Here the role of technology within the framework . ; technical and 

erIc SB , 
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vocational aspects of general education may be accepted without argument 
but Its concept as a means to developing practical skills In the manlp- 
uXatldn. .of .simple tools and materials Is rather narrow and limited. 
It suggests that technology Is merely a manual activity and thus belittles 
Its Importance as an educational tool In developing a person to live 
comfortably In the world of technology* Hence, In defining the scope and 
content of technology teaching, care must be taken to avoid the termino- 
logical confusion resulting from the tradition of teaching multitudes 
of technical subjects In the school. The Integration cf knowledge and 
skills as well as attitudes and values are useful In developing the 
concept of technology In general education which would be braod-based 
and relevant to Individual rnd national soclo*-economlc development needs. 
Such a concept should contribute to the total function of general education 
In understanding the three-fold environment of nature* society and man- 
mado systems In an Indivisible combination of science, technology and 
humanities. This brings us to the statement which appears In the Glossary 
of TerAs (1981) and reads: "technology as the application of scientific 
knowledge to the general purpose of fulfilling an individual, community 
or national need.. Thus, airplanes, insecticides, cameras are direct 
products of technology, though often mistakenly equated to science by 
the general public". This definition introduces another angle of techno- 
logy emphasizing application of knowledge to serve some general purpose. 
This Implies that In teaching the subject, balance between the intellec- 
tual effort and the practical work Is of great importance. 

Th.^s view is further strengthened by the statement made by the 
Committee on Manpower Resources for "^ience and Technology in the U.K.: 
"in every technology the ultimate purpose is to exploit existing 
scientific explanation. On this basis. Schools Council Project on 
Technology defined technology as zhe purposeful use of man's knowledge 
of materials, sources of energy and natural phenomenon. The Interna- 
tional Congress on Science and Technology organized by Unesco (1981) 
unanimously agreed that science and technology, together with the 
teaching of them through the various types of formal and non-formal 
education, constitute an essential factor in improving the material 
and cultural conditions of people's IJ.ves and a priority objective 
of cultural development. Para 110 or its final reroi t reads "Techno- 
logy education is a sine qua non , both to understan ' the scientific basis 
of techniques and devices, and also to acquire the requisite skills for 
productive work and efficient living in dilferent societies..". These 
statements show technology to be wider than science and as having a vast 
Influence on society and education. 

In pursuing the pilot project on technology in general education 
(1981-83), the participating countries foUowed different approaches, 
for example, Australia aimei to develop positive attitudes towards 
making and doing rather than knowing and following instructions, as 
well as Increasing students* capability for solving practical problems 
through technological means. The overall concern of the pi'oject was 
the general education for all students and in preparing teaching- 
learning erials, high priority was given to short independent 
exercises offering opportunities to design and test technological solu* 
tions to particular problems. 

In India and China, an integratea approach to science and techno- 
logy teaching was adopted as the basis of the project. In the latter, 
students were encouraged to understand the scientific bases of various 
sooio-cultural customs and traditional agricultural practices through 
"the teaching' of medical biology ahd astronomy. In India, however, the 
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project wa? designed to provide opportunities to students to work with 
materials and processes related to production and construction. It was 
also intended to encourage then to design and evaluate solutions in 
terms of human needs. Accordingly, nodules were prepared on energy, 
friction, combustion, household electricity, electronnagnetic devices 
and wheat-to-biscuit combining technology with science education. 

In the Philippines, the need for technology education was viewed 
f^^hJn^ ^i^"* of eleven basic concerns of food, water, shelter, 

clothing, livelihood, health, education, cuJ-ture, mobility, energy, 
ecological balance and sports, including recreation. Thus a teachers' 
guide and students' manuals on appropriate technology were prepared 
and supplemented with 'do-it-yourself technology-cum-livelihood 
brochures for use both in and out of school. 

In the Consultation Meeting (198 0 the group legarded technology 
as an application cf knowledge for making and doing purposeful or useful 
things, as well as an aid to understanding our technologicrl environment. 
It aims at developing our ability to employ our resources for human 
benefit. Technology education may be considered as a means to find 
new and better ways of solving problems and satisfying our needs and 
comforts. 

In the working paper for the International Symposium on the Teaching 
of Technology in the Context of General Education (198^) the following 
working definition, based on the study of o,er one hundred definitions 
of technology (Cebhart et al 1979), was suggested for consideration. 

"Technology is the know-how and creative process that may utilize 
tools, resources aid systems to solve problem:, to enhance control 
over the natural and man-made environment to alter the human 
condition". 

discussing this, the symposium became unhappy about the concept 
Of technology as "merely altering numan. con-litions". It thought that 
the underlying idea hece snould not be so much to ilter things but to 
improve them. Thus it was suggested: 

"Technology is the k,iow-how and creative process that may utilize 
'^ools, resources and systems to solve problems, to enhance control 
over the natural and man-made environment in an endeavour to 
Improve the human condition". 

Thus the working concept of 'technology' becomes greater than 
technical and vocational education, it reflects ideas and characteris- 
tics such as knowledge, creativity, design, skills for utilization of 
tools and materials, use of resources and systems, problem-solving and 
decision-making, control of environment, both natural and man-made, 
improvement of the hun^an condition, jtc. Given their socio-cuitural 
context they can be seen as worthy of inclusion in general education. 
AS a matter of fact various countries such as the Netherlands (Kremers 
^noox ' IJnited Kingdom (Black and Harrison, 1985; HMl-DES 

1982) and Quebec (Government of Quebec, 1983) already reflect these ideas 
as basic to their objectives and programme activities for technology 
teaching as part of general education. 
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Technology a3 Linked with Science Teaching 

The working concept of technology, broad and wide-ranging as it is, 
can assist in the exchange of ideas and experiences on the subject, or, 
acre hopefully, can provide a useful starting point for countries develo- 
ping technology teaching as part of general education. Progranae details 
and approaches for the purpose will, of course, vary with educational 
goals, national objectives, sociO'-cultural requireoents, financial 
resources » physical facilities including teaching-learning mat^'^lals and 
qualified teachers in each country*. Educators, however, seem ;.o agree 
that teaching of technology, whether as a subject in its own right, or 
linked with other subjects, need not focus exclusively on high technology 
such as computers, nuclear reactors, Invltro-fertilization oethods or 
cooplicated processes contributing to specialized courses for technicians, 
engineers and other vocations. As component of general education of ally 
it should be sensitive to tne aspirations and needs of the coscunity. 
Thus it should provide the recipients with awareness and knov »dge 
they need in everyday life in a way that reconciles practical work with 
an intellectual effort, as well as awakens their curiosity, rather than 
lapresses then or scares them away. 

During the last few decades, an extensive and radical process for 
broadening education has taken place. Moreover, under the pressure of 
expanding knowledge, various subjects in the school curriculum, almost 
everywhere, have become crowded. It has added additional constraints 
on teachers, and it has reduced the act of learning into a .-ace for 
learners to cover the curriculum merely for the purpose of e\auination. 
Thus, addition of technology as a new subjecc may be resir.t'jd. Moreover, 
such a cove raises the question of policy changes and administrative 
procedures involving acquisition of already scarce financial ana other 
resources for education in developing countries. Again, a new discipline 
needs new teachers which, for technology teaching, are almost non-existant. 
This would also involve the problem of priority of existing subjects and 
their claim on the school timetable. And to make i. an essential part of 
all subjects across the school curriculum is equally difficult or doubtful 
for the same reasons. 

On the other hand, science and t&cnnology are in many ways indivit- 
sible and mutually interdependant for each other's advancement. As 
integral parts of our i odern culture and socio-economic framewonc, 
science and technology represent two areas of human activity which, 
while fundamentally different, are related. The former signifies 
efforts associated with the natural human desire and cuklosity to KNOH, 
UNDERSTAND, EXPLAIN or PREDICT some natural or man-made phenomenon. The 
latter, likewise, is also tne result of the human's desire, but to find 
ever now and better xays of DOING things to meet various individual or 
community needs. Thus, the motivational force in science is essentially 
a desire to KNOW' while in technology it is a desire 'to DO'. However, 
within the framework of general education for life and living, it is too 
simplistic to think of science as theoretical and experiemntal , and 
technology as practical or applied. In tweeting their various needs, 
ancient societies made no sucn distinction between science and techno- 
ogy, and modem society is more than convinced that it is bringing 
togenter of science and technology as an educational toool which will 
enable young people to understand them and their role in life and, 
hopefully, encourage them to consider ways of putting thea to good use 
to servi) human purpose. 
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ba,<./\^ recognized that learning is more effective if it is activity- 
based, i.e. if it takes place in the context of doing, with constant 
ihir™!! ''T'" '"^'^'^^ application i;;*;veJyday uf^' m 

Tc^ k'"?"^ ^^'""^ from that of ieci^o- 

n?S*.ii? J technology teaching cannot be separated froa the pr^oi 
Son knowledge of science. TJ.us, in'the process oi eSuca- 

to Sea?^I^r.2Lr? providing information and experiences 

I^fn^^^i ^ °'' '° technology will help in providing 

information and experience to deal with -knowledge' or 'to do- «ft^ 

for; ^d°v1:: it i, essential to know som^tSing 

naturS'™r^r^^°''°*"^""'''' '^^^^^'^ =>"°h °°n°e'-n=> " 

enJ?™n?T conservation and development, health and nutrition, 
menJT^?f» P°P"lfion dynamics, food production, develop- 

ment Of life skills, and rural transformation. In this respect the 
impact Of technology in its diverse foms on the scienW^crph^sJcal 
iZTfllT ^-r'"-^"""""^" environment of all human SeS'if^eJy 
significant and cannot be excluded from their education in science. 

.^'^'^f. ""^ circumstances, it is advisaole to link technology with 
the teaching of science which is an accepted and established component 
tlZTl2l f "°\"°!?- /"is approach, while overcoming the disSa?n o? 
lllT^ll^ """^"^ education, will go a long way in making science 
education more relevant ^,d useful in the life and living of the 
olSgln^^/?Jr"fJ° principles are embodied in t^hnologies 
ocourlng in real-life situations of the learner, as well as the 
national devleopnent concerns mentioned earlier. Project work in 
the'operaMof orr.°^ "r^"? opportunities for understanding 

^hL^?n hnn»f 5f°'"'°^°8y =>°lving problems to serve human purpose. 
I^^ t h ""P^'^^py- help the majority of students pursuing science 

f ''^^'""i"" '° °°Pe with life in an increafi^Jy 
technology-based society of tomorrow. 
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1 iNnrnxmoN 



The use of the knowledge of Science and Technology that abound in the de- 
veloping World for educational develoiHuent arises through the realization 
tiiat there is abundant indigenous knowledge of Science and Technology in 
tnese parts that are manifest in the surival games played by peoples of 
the develq)ing world. This is inspite of the advances already made in each 
of such areas throughout the world. 

Nbnetht?l^ss, these advances appear not to have had any serious affects on 
the people as modem science and technology crawl in their bid to catch 

I^a'Ic. ^.^""f^,^ ? ""^f^^ ?^ ^^^^ P^^®' ^^as been realized that 
the most potentially beneficial bet towards development will be to identify, 
devel(^ and/or adapt and use, and hence e)q)loit the science and technology 
based knowledge and concepts which abound. For the people who inhabit parts 
of the world where modem science and technology have had no significant 
mpact thus far, i*- is through r'ch approach that meaningful progress in 
regard to development can be made. Although science is conceptualized as 
a process of thinking, a means of acquiring new knowledge, and a means of 
understanding the natural world, technology which is probably more ancient 
than science is conceptualized as the systematic knowledge of industrial 
arts which IS primarily interested in the practical uses of scientific in- 
fonnation derivable from the culture of the people. 
Every people have a culture. That is to say we all hav« established wa> 
Of sharing and regulating experience that comminities and groiros evolve 
through coninon fonns of the e)q)ression of beliefs, values and actions, and 
means of controlling and adapting to their material lives. 

1^^^^^^^/°"^^^^?^ ^^^^ **ich we think about ?jid understand 

the world around can quite properly be described as our culture. There 
are other fccetf of this concepts. Within historic time as much as at present, 
cultural distinctions have often been associated with styles and ways of 
taming, accepted beliefs and practices, imagination, intellectual versatility 
inventions, artistic activities such as drama, literature, art and sculpture 

"^^^ (^^^^5 argues thct "Science is a cultural 
enteiprise, and as such becomes part of the fonnal educational scheme, as 

IheT^l ofSelr ''""^^ "^''^ educational systems to meet 

^Seio^nSfalo^^^^ "^'^"^^^^ ^-^<^^^^ 

the growth of human intellect and skill is, in its very nature 
an i:ssisted growth. In the deepest sense, a culture serves as an 
amplifier of the capacities of those vtho participate in it. The 
more technologically advanced the culture, the more certainly greater 
IS Its potentials for aji?)lifying powers of the hunian hand, the 
nunan senses and human thou^t. 
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This is being the case some aspects of the Nigerian culture Vfhich appear 
to be relevantly geared, as of now, towards the amplification of the powers 
of the human senses, and especially the thought processes, may well be much 
more profitably exploited to achieve the above, if need be, in the context 
of survival, and development through education. 

This means that the various cultural per. options will be ade^ately conceptu- 
alized and developed through such ejqploit-tion. After all as Hooper (1971) 
contends, the ''Curriculum*' (which is all the learning esqperiences offered 
to piq>ils under the aegis of the School and yet goes beyond the subject 
matter taught)" is socially and historically located, and culturally de- 
termined." This follows the realization that changes in society bring about 
in time, changes in the educational system and vice versa. 
It is largely in this context that this paper will deal with tiie need to 
cycle such toiowledge of science and teclmology identifiable in Nigerian 
(rural) cultures for the purpose of rural educational development. 

2 HOME BASED SCIENCE AND TECHNOLOOf 

V/hile contending that there abound a good deal of science and technology 
based knowledge in every traditional set-up in Nigeria and in other developing 
countries, a few exaiiq)les under: Housing, Canoe (Boat) Making, Gaine Hunting, 
Dental Care, Soap Making, Brewing and Distillation of local Drinks, Plants 
and Medicines, Pottery Making, Palm Oil Preparation and Instruments to Produce 
Sound: The Drun, will be discussed. 

One of the activities in which knowledge of science and technology manifest 
in the Nigerian rural culture is in housing. This is so as the people appre- 
ciate the types of materials used iii the construction of houses. For example, 
sand, clay (earth), woods and ropes used are selected on the bases of their 
knowledge of some scientific and technological Principles. 
From the technological viewpoint, they determine the shapes, sizes, strength 
and durability of the materials. Also, the amount of ventilation needed, 
the need for tenperature control and that of light for illununatio" required 
are equally appreciated in the house construction business. These can serve 
as the bases for further development in the ar?a of housing in rural cultures. 

Another area in which knowledge of science and technology manifest in the 
developing world is in Canoe (Boat) Building. For the rural cultures where 
lakes, rivers or even seas and oceans abound, coinmmication is achieved 
largely by canoeing. In effect, canoes have to be constructed for effective 
coniminication. The procedure for boat construction calls for and have scien- 
tific ijq>lications especially in the types of trees to be felled and used, 
the shaping of the canoe and the hollowing by en^ploying fire to bum out 
the interior. 

They ^reciate that heat causes e)q;)ansion which derive from physical science. 
Also appreciated is the science behind the systematic burning leading to 
the e:q)ansion of the canoes to achieve the deserved stability, balance and 
hollow to float. This is to say that they know when and where higher teii?>era- 
ture may be be maintained. 

The third activity under consideration t^hich is known to draw on the knowledge 
of science and technology in game hunting. This knowledge has enable people 
in rural communities to show cot^aratively advance i skills than prevailed 
in the very rural and primitive folklore of the "Saber Tooth" ajproach. 
The in?)roved skills which derive from need have both scientific and techno- 
logical implications and plications. 
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The advances include the use of the traps which tie isp the foot of the anim::! 
as the game triggers off the system. Other methods include the digging of 
trenches vhich are camouflaged by a li^t surface layer of fallen leaves 
on the regular game tracks to tr^ the animals. For others, cages made of 
wood and rane-ropes are set with baits which attract and tr^ the games. 
These are .n addition to other modem game hunting ye.thods which canna 
00 fully emrorated in this p^r due to the constraints imposed by space. 

In the devel<^ing cultures, dental care is very highly revered. This care 
IS achieved through the use of chewing sticks. The effects or usefulness 
of chewing sticks in place of tooth brush and paste have amazed many a dentist 
Many attributes have rightly been associated with the use of chawing sticks 
and these include: making the teeth white and fragrant, strengthening and 
giving vigour to the gums and teeth, cleaning the teeth by mechanical removal 
of plaque as well as providing many medicinal substances that can protect 
the teeth from decay, remove the ''tartar" as well as stimulate the gingiva 
and heal spongy bleeding gums. 

Selection of the safe plants for use as chewing stick is a highly scientu-ic 
feat. Some may have been identified on trial and error bases while knowledge 
ot others are handed down from generation to generation. The trial-and-error 
process in normally scientific and can serve as a means to educational develop- 
ment and survival in the developing world. 

The chemical contents of these plants deserve further investigations as 
to identify what in them do the trick. 

Another activity in the traditional cultures which draw on knowledge of 
science and technology is in the soap industry. Soap making has been coine 
TI^IJ^^ centuries in different parts of the world including rural comuni- 
ties of Nigeria, using local knowledge, skill and materials such as palm 
oil and banana ashes and others. The scientific and technological knowledge 
in soap making has modem scientific and technological iimlications and 
flavour which have enabled it to thrive over the years. The raw materials 
lead to the provision of the necessary alkaline medium lAich reacts with 
?w c'v ^^^f acids to give the soap. All these go to support arguments 
that substantial amount of knowledge based on scientific and tedmological 
fSSn ^^^loping countries. The process is as good as modem 

IrT involves the local production of all the necessafy raw materials 

and producing the soap by saponification. Although the products are crude. 
i^l A tt^^ puipose of cleaning and washing up clothes and human 
Dody, and other materials such as plates etc with scientific and technological 
prccASion . 

One other activity undertaken in Nigerian rural cultures and which is hiahlv 
'llZ^iVl """r"? '"i distillation of local drinks Brewing and diuf l- 
J ?" °^ """" J""" °f ''•■^"''s prevail in almost every country 

While some employ very sophisticated mhods and processes, other in the 
developing countries including Nigeria brew their Swn spec al beer or 
!I?"?nnh^'M''^^''^ fermenting locally obtainable materials by localized 
^hI .^S"""!* Pr°"""- The brewing and distillation process A il 
the u e of basic mtt Is and principles as employed in advanced cointHes. 
d'rm ihnf°I'L^''"!"" ^'^ modern technology as the kettle s a large oil 
coir i^ !nrS"'"j'Sn,-f ' P? n«?t "PPe>-tubes wound intt « 

is ho;:eJ»r SM^H „?L"^"r '^^^ ••"••''l areas, the bamboo 

woodertroigh ^"'^ substituted witn 
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In Nigeria, especially in the delta States, brewing and distillation of 
local beers and/or arrack (gins) remains a long standing tradition. The 
raw materials is the sweet milky alcoholic drink or wine obtainable fr*-- 
both raffia palm tree or oil palm tree (Elaeis guineensis) which grows 
wild in the tropical rain forest. The abundant distribution of these trees 
results In the drink being a constant and regular source of income and 
entertainment for the people. As Williams (1982) further suggests 
"the way of life of people of developing countries is intensely impregnated 
with scientific concepts", thereby re-affirming the thought or conviction 
advocated in this paper. 

Another very useful area worthy of discussion is in Plants and Medicines. 
For thousands of years, man used what was very much at hand, plant, to form 
natural cosmetics, remedies and preventives. The secrets of the plants are 
handed down generation after generation. Although traditional medicine 
appears to be losing credence especially with advocates of 'modern' medicine, 
people in the developing world still depend on them. There is thus increasing 
evidence that plants have medicinal value in sweetening alcohol breath 
(sweet flag), in preventing high blood presure (wild leak), as a laxature or 
for abortion (cotton root), against rheumatism (orange root), in paralysing 
worms in the stomach (West Indian Goosefoot) ano against cold and fever 
(wild potato vine). Some neutralize stomach acidity, paralyse or prevent 
ccnception. While many others uced in wrong doses kill the over-dose users. 
Indeed, there are so many others in the developing countries. 
In effect, people of the developing world have virtually lived and/or 
survived on the knowledge of science and technology which exists in their 
various cultures and manifested as well in the use of traditional medicinal 
plants (folklore remedies). 

Pottery Making Is another cultural activity in which knowledge of science 
and technology manifests In places or communities which can hardly to be 
described as rural, pot\. 7 making is part of the everyday life. 



The skills, the thoughts, planning, and the amount of preparation needed tj 
produce these potteries suggest a good 0^ knowledge founded on science 
and technology. As Williairs (1982) points out: 

Producing pottery is a community 
effort-everyone has job to dc. The 
skills are handed down through families 
but are not exclusive to any one family. 

In effect, the material, clay, is locally obtained, worked with the 
feet, and mixed with millet chaff especially in the northern parts of 
Nigeria. Great care is taken to remove seeds and stones. 
By lifting the edge of the mat, the flattened heap is turned, sprinkled with 
chaff, trodden down over and over again. Water is added as nacessary until a 
soft but unsticky consistence is achieved. Then the moulding commencec by a 
second worker taking a lump of clay and wedges it on his mat. 
The procp s is best undertaken than described as at the end a beautiful 
pottery results. Variety of potteries are mada; somp provided wUh ' !s. 
At last, the pots are fired in kilns made of clay, vjn.j and straw-sl^iply 
a circular wall. The kilns are filled with earthent/are and fired once a week 
in time fo- the markets. The entire exercise entails a great deal of 
knowledge of science and technology put into action for the benefit of man. 
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Palm 01] preparation, -is one main activity undertaken bv neonle 4n tho 
iZiftll:i 'p2'V"^ ''''' ''"f''^' o/sc?ence an t^c X s'K ghly 
?he troSlcil ^InS^lpi'^n'rif f'^P""*" industrially In manfparts of 
ea? SSd^-^i? ^c1e;c"e^^'-^e^'ino'S.''^ '"'"^""^ °" 

SI kHs?" - 

SSjSH'S'" I"!' ftonyendocipl ire pound Into a Ime 

they were handed down from jeneretlon to generation. And clearl v JhPv hLo 
techno?Sgr' """" ^--^'^s'^IS o^n'scienc^a!! " 

The last activity which people of rural cultures especially In Niaerla 
nderta e and which clearly has knowledge of science and tech o?oS manifest 
"ui : ^ production of the druni to produce sound. Naturally, sound 
(which is the sensation experienced when the brain Interprets vfbrI?iSns 
^hf S npJ J"' "Pi" variations of air pressure) can be 

are s?r2ck t'ooplhPr °H I" ^f^^^^' sound is made^s two objects 

?hp f^^^Sc l^ l. , l*"^^ I'^y ^PP"*" *° be a cormon knowledge. But to vary 
the sounds to obtain high or low pitches requires intelligence and some 
knowledge which can rightly be described as scientific. 
;!Ihp ^J^"! P^"3 countries, various instruments which produce sound are 
?r2nk SMmaTh?HP^',' -jost conrwn one. The necessary materials use are tree 
.1 ^ ^n'' s'^i"' and cane ropes. 

^^ph 2 ■"sts'" along is cut, the tree trunk is 

M^^tXS"^ "^"^"i'' is set to the trunk ^nd controlled. Local 

blacksmiths produce axes, chisels and burners which are also used in the 
^flr^?^""^''- '^««^'»'-i''9. the tree trunk is carved dom to redSce the 

?n water tn^ffp"^"^^"*°.''"^•■''' ^"^P^" animal h^de or skin "oaked 
in water to soften is placed over the now hollow trunk. At this ooint. two 

' ^ Sr'S^sTtl b-?I5g"e^?hV?SSth%^^*«"-" ^""^ ^-"^ .TAl^^s 
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Then the hide or skin is neatly strung to the upper band. At this point, the 
drum is virtually ready except that pegs will be stuck between the hollow 
trunk and the lower band which is hammered cn to provide the tautness 
required to produce a desired pitch. The more the tension achieved the finer 
or sharper the sound obtained. 

The significance of this lies in the fact that it provides the bases and 
justification for the claim that a great deal of knowledge founded on science 
and technology existed. Cultures of the developing nations including Nigeria 
enjoy a good deal of patronage of the locally available technology and 
science. At the moment, however, there is a rapid drop in the patronage 
enjoyed as a result of the speed with which locally available technology is 
being destroyed by Western technology. 



3. CONCLUSION AND RECONHENDATION 

From the account given thus far on the types and quality of knowledge of 
science and technology that are prevalent in the developing countries, it is 
little wonder that the world's population has more than doubled within the 
last one hundred yeurs especially in the developing world. 
This is clearly attributable to the unexpecteoly high quality of life that 
peoole in the very areas of the developing countries live. They have, in 
effect, been utilizing the knowledge that abound within and around them to 
their advantage. One way by which these scientific and technological 
achievements in rural communities can be appreciated must be by rating their 
efficiency le\jls in terms of meeting the needs for their procurement, 
development and serviceability, and possible replacement. Virtually, all that 
have been presented above have tr»ft ability to be replaced at minimal cost in 
the rural areas. ^ , . 

Houses made of grasses amd mud (earth) are repaired and often replaced 
through conwunual help by relatives of the residents of such houses. This is 
usually in reciprocation of similar but probably earlier assistance. It is 
also appreciated that all other scientific and technological achievements of 
various cultures of the developing world are readily replaceable. The fact 
that the knowledge is transmitted largely through apprenticeship is the most 
serious setback encountered. This leads to some knowledge of science and 
technology being lost or abandoned through poor communication or dissemination 
of such knowledge. Quite a good number of locally patronized scientific and 
technological feats must have been lost through this defect. 

To stem the rapid losses encountered in this way, it is the intension of 
this paper to advocate a closer study of any such identifiable, scientific 
and technological feats for documentation, modernization and possible 
adoption for the educational development of young persons in the developing 
wor 1 d . 

This author further advocates the ready adoption through refinement of these* 
achievements in a bid to improve the everyday life situations in relations 
to the use of technology, consumer products, good health care, rr.ore nourishing 
food and improved environment. 

One overriding conclusion that can be drawn from these scientifically and 
technologically justifiable developments in terms of survival gains made by 
us through the use of such knowledge would naturally be the advocating for 
better ways of appreciating these achievements. This follows t realization 
that they are undervalued as they are rather corrpared with the highly advanced 
western science and technology on the basis of which they certainly do not 
'Reserve to be compared. They should rather be seen from their success or merit 
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hlvf haS'cL^'clnnJfJ^'V'^?"' '5'?""! ^" s<=<«"« technology 

have had some significant Impact In the quainy of life of neoDle In thP 

th«I°P|?p'? " developing world. BJt as I have a^eVpoi ?ed o ! 

In^t^ A ^^^^ '^""y minimally in the very rural areas where the 

U 1 l^thL'? cK^tSS? that have been discussed above prevail. 

in^ludl tla'deJefopn^To?-"™'''" °' """""^ """^ highlighted. Th^se options 

" tSe'kSdgrhfS^n^hteS."''" '''''' '° 

" ""f a practical problem-solving approach. This will 

?I Irl'^"? ^"""9 P"P"' ^° the extent that iheir readiness perJ^ ts 
based p^SduS^s! ""^ " °^ '"^ recognized science and technolS 

- Pupils may commence the advancement of these by embarking on DrojecU 
which win attempt to Identify and document all such achlev^ents 

" Jn?o"f?L^'«^S ^? the development of these poten^?^? projects 

into steps and Identification of relevant materials and skills needed 
and the designs of each procedure. neeaea, 

- The next stage will be principally to identify their equivalents in 

ro^r?eco5t"on?' " ' -"""^ °' ^"^"••^"9 tSar?iI?can earn 

' anSipM-l?oH°^ °" ""tome (products) which must be 

appreciated from tow they meet tne need for their existence. 

fLln ^^^^ ^^^^^ to point out that much work has been under- 

taken by Professor lolo Wyn Williams of the University College of No?th Wales 
rpronX" V'H ''"t U appears to be the beginning of the 

recognition of the fact that a oood deal of knowledge which can justifiably 
be appreciated even from the point of view of western science la torhnni^L 
abound in the cultures of developing countries ^""""^"Sy 

References 

1. ADARALAGBE. A. (ed.) 1969); A Philosophy for Nigerian Education. N.E.R C. 

Hememann Educational yooks Ltd, Ibadan: — 

2. BENJAMIN, H.(1971): "The Sabe-Tooth Curriculu.n" 

The Curriculum: Context , Design and Dev elopment. HoDcer.R. 
lea.; unver i boyd, tdi'nburgfi, U.K. nuij^er 

3. hWDDOCK. H.N. (1981): "Science Education: an Anthropological Viewpoint", 

Studies in Science Education Vol. 8,pp 1-26 

4. MORTON, F. 'Jf';'^; ,<|974) Folk Remedies of the low Cunfl... . seeman 

PuDiisnlng, Inc., mami, t-lond^ 

5. NIGERIAN EDUCATIOKAL RESEARCH COUNCIL (1981) : 

'!*,^^^'o"al Pol icy on Education N.E.R.'c. 

ikevised), federal kepublk of Nigeria, Yaba, Lagos 

6. WILLIAMS, I W, (1982) Third World Science 

Series, School oi tducation University College of North Wales 

7. WILLIAMS, I.W. 0983): "Science and Human Achievement" A paper delivered 

80 



426 



PRE-UNIVERSITY EDUCATIONAL SYSTEH IN NIGERIA 

Pre-University education in Nigeria consisted the 6-5-2-3 (six years of 
primary, five years secondary and two years of higher School Certificate 
(HSC/A'L) and then three years of University education). Recently, however, 
the system has changed to the 6-3-3-4 (six years of primary, six years 
of secondary of which the first three constitute the Junior Secondary and 
the other three, the Senior Secondary, and four of University education. 
What has been altered is the structure, not the total number of years. 
While on the content, the emphasis has shifted to those subjects that would 
make the products of the said educational system easily eniployeable or self 
employed probably through the expliotation of existing knowledge of science 
and technology. 

The approximate ages of pupils in the primary School up to when they arc due 
to be admitted into secondary Schools by common entrance examination is 
11+. In effect, by age 16 or 17 pupils are expected to have completed the 
dual stage secondary education. The mode of assessmant into the University 
is by a common entrance examination known as the Joint Matriculation 
Examination (JHE). 

This paper, in ny opinion, fits into all the levels of education but 
probably most suited to the secondary educational system and in content area. 
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TECHNOLOGY FOR RURAL DEVELOVMEHT: AN INDIAN EXPERIENCE 
Saurabh Chandra (Banda, U.P. India) 



'•0 OBJECTIVES OF RURAL DEVELOPMENT 

of plann ng whose achievement Is essential for rural (i6>«\(a,mer.t T 
inljer4mpSm^'t.""'"""°''"*"' 

(b) an appreciable rise In standards of livir.a of the occrest 

sections of the population; and * w mo pccresi 

fk« [^".'.1'^ °" ^" ^''^'e. 0' f e basic needs 

Hke health care, pojable water, edycHtlon, rural ijoasing, rural 

oTCra^TSur'?llcn*Jt~'""°" 

1.2 The twin objectives of alleviation of povert»; and reductulon 
In unemployment through t.'.e developmental process; have the 
. «et anchor of the strategy aiming Jor rural Sopment. 1^ brief 
r^ad^u,^^^^""'*' 3™*'" ^l'*' J"Stlc.,/Grow h pe 'S 

have S .h^^K^f "T**'*^' the agriculture sectoP 

5f f 7 9^'"* °' development on account of application 

irA hii- 1' '52 '""""^ consumption olstributlon patterns 

c^,ii According to the agricultural census of lIsO^Sl! 

n""' m'^^v/sro thITf T 2 ha) „er^ 66.60 mMUon 
hectar^^el'o' of Vl^', °' "2-76 million 

1 n °' '•'e total area) whereas large holJings (area more 

^i'^'"^' 2.15 million In number (2.4% of the total nur^! 
^rl[^°^lt^^?^j:i ^"i" °' 3^-" hectares {<:2.3% of the total 

area). About 40% of the population or about 30C mlMron people live 
beow the poverty line, have a per capita income of less than 00 
per annum. About 30% of the population accounts for ofer of 
consumption expenditure. It iTestlmatedl^at br2(»0 Ao 2W 
million persons will have to be employed in rural Ind^a. To^ mee this 
demand over 100 miiilon additional lobs will havP to ^created. 

1.3 Poverty Is thus the central problem that will have tr ba tackled 
Z M.^Hl,»^y™o «»«?"^ment. For its alle-/iaHon, ts r^t caused muft 
be identified. Poverty is the fallKKJt of the inaccessibility ofTe ^r 

« J"rtTZcif '«<=k of gainful wage employm^t 

and diversion of rural resources to meet the Investment niwk fnr oTi}» 
cunsumptlon through the market proc^ P Sg P oc^ s^ks to 

n'theZ'o'/fH"'" ^f''"".''""^ '° '"^t IncreSi Seas^ 

in the size of the national cake are distributeo progressively. ' ""'"^ 

2.0 Why Is technology the only real answer to the rural develop- 

1 7*'®,''ait!e for rural development and against poverty Is ultl- 
ffl IX'^Teo^r^i.^' The^progJ^mm'^ 



428 



(a) Institutional programmes which Involve re-distrlDutlon of 
land and non*land assets* le^rganisation of the productive 
system, ensuring access to inputs, skills etc. and 

(b) technocratic programmes which are production oriented 
and based on the use of new cechnology. 

2.2 Development experience suggests tha.: the role of Institutional 
programmes In alleviating poverty Is limited. Re-distrlDution of assets 
Is the main component of institutional programmes. Land is the most 
important assot in rural areas* Further resist! ibution of land through 
the implementation of land reforms programmes is unlikely to yield 
significant results* Strong organisations and economic strength of the 
disadvantaged groups Is an essential condition preceding the re-organl- 
sation of the productive system. Such a condition does not exist. The 
importance of Institutional programmes viz. ensuring access to inputs, 
skills etc. Is that they create a suitable atmosphere for application 
of technology and act as catalysts for technological advancement. 

2.3 Consequently, the strategy for poverty alleviation has to be 
primarily based on tectinocratic programmes viz. 

(a) increasing production, productivity and employment potential 
from land thrornh multiple cropping practices, scientific use 
of inputs, impro/ed agricultural practices and application of 
post harvest technology. Since mouern technology neutral 
to scale, the institutional conditions must ensure th(:c benefits 
accrue progressively to small and n?arginal farmers and agricul- 
tural labourers, Le. the sections who together with the rural 
artisans form the core of the rural poor. 

(b) Scientific harnessing of animal husbandry and fisheries 
resources and forestry produce; and 

(c) development of rural Industries particularly in the cottage 
sector. Particular emphasis shall have to be paid to the upgra- 
dalion of skills and techniques of village artisans to enable 
them remain competitive. As estimated by the National 
Commission on Agriculture, this sector will have to provide 
employment to 30% of the labour force, i.e. 76 million persons 
by 20OO AD. Thus 50 million additional jobs wHI have to be 
created In this sector. 

2.4 The Important role played by science and technology In Increas- 
ing agricultural prosperity is best oxempllfled by the Impact of ''Green 
Resolution" in Punjab and Western Uttar Pradesh. With the Introduction 
of High Yielding Varieties of wheat, production doubled In a short 
spar3 of 5 years thereby transforming a subsistance agriculture into 
a commercial one. As a result,15% of the area under cultivation accoun* 
ted for 53% of the Increase in foodgralns production 'during the last 
20 years* Surplus capital was Invested In Khandsarl aitJ mentha plants 
and other small scale Industries. On account of rescltart adverse Cema* 
nd supply labour equation, migrant labour from the labour surplus regions 
Is engaged In large numbers during the peak agricultural operations 
season In these areas. 

2.5 The success of the dairy movement based on the cross*bred 
cow In Gujarat, sheep and rabbit wool production programme In Hlman- 
chal Pradesh, fisheries in coastal states like Kerala and Tamil iMadu 

Q is largely due to the Impact of technology* Increase productivity in 
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S^^^f industries like carpet manufacturing, saree 

proaoction, handloom weaving, engineering goods etc. are other examples 
Of Improved prosperity based on innovative technology. 

2.6 Ultimately Increased productivity alone can lead to Improved 

prosperity whether in the primary, secondary or tertiary sector. Techno- 
logy ts an essential condition for increasing productivity. 

^ CHARACTE RISTIu^i OF APPROPRIATE TEC HMni nrtv 

3.1 According to Bertrand RusseU science may be regarded as 

having two functions 

(a) to enable us to know things 

(b) to enable us to do things 

3^ The second * function results from the application of the 

theoretical discoveries. In this paper we are primarily concerned with 
the second function i.e. the applied or the technologica: aspect. A 
lot Of debate centres arouni; the cliaracteristics of rural technology. 
Schumacher termed it as intermediate technology, ^.>st call it appro- 
priate technology. However a few common characteristics of this rural/ 
intermediate/appropriate technology which Is particularly relevant to 
the rural industries sector (henceforth called appropriate technology) 
can be pointed. Appropriate technology Is such that 

It makes the available resources mos" productive and at 

the same time creates the most jobs 

as Drucker put it, it Is neither the biggest nor the smallest 
nor the one as was believed in the I950*s or 1960*s, the 
one that absorbs the most capital. Both this ^.s v/ell as the 
one that absorbs the most labour is wasteful of scarce 
resources 

place of employment as a result of its application should 
be in rural areas, so that a spatial shift ru^al poverty 
to urban areas Is avoided 

production should be oasad on the use of raw materials 
available locally. In addition marketing of finished oroducts 
in the neighbourhood should be possible 

production methods must be relatively sir. pie so that the 
uneducated rural poor can easily adopt it through exposure 
to short duration training programmes 

2*3 Thus the development of appropriate technology is larqely 

based on the following assumptions '-igciy 

(a) It is possible to develop technology for production methods 
' which Witt not only be cheaper than what has been developed 

In the technologically advanced countries but also be far 
more productive and 

(b) output of an Idle mar* ^3 nil wheroas the cutput of even 
a poorly equipped man is positive 

(c) once Its beneficial aspects are evident, even an uneducated 
poor man will adopt It 

(d) media for tr&tsfer of technology exist 

3.^ There are two other aspects of appropriate technology which 

nave generated a lot of debate - the appropriate place for its develop- 
ment and the mechanism and the media by which it can be transferred 
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to the end users* It is now realised that re^^arch for Improving producti- 
vity in agriculture and other related subjects like silviculture, pasture 
development etc* will have to be carried out In research institutions* 
On the contrary improvement in agricultural implements* artisans tools, 
bio-gas plants* soil conservation and water management practices, to 
quote a Vew example; have to be carried out in tne ^leld* The user 
IS in the best position to carry a :he innovatims because he knows 
exactly v;here the shoe pinches. Technological imp* vements to increase 
the effectiveness of mass-manufacturei inputs like fertilisers, pesticides 
etc. with a cc^mitant reduction in their cost and toxicity s^iaii bc; 
the domain of the manufacturers in-hcuse research effort. Transfiir 
of technology from the Innovators to the users is the raison d'etre 
for its development. This requires development of an efficient trarisfer 
system whereby the evolution of suitable messages and using a judicicjs 
mix of traditonal and modern communication mea.., information regard- 
ing technological development can be transferred effective*/ to millions 
of users scattered in g^-ogrsphically heterogeneous and isolated regions. 

4.0 V/HERt£ AND HOW CAK' APPROPRiATE TECHNCIOGY 

BE APPLIED? 

<.1 The rural sector can be broadly clasified into 

(i) the agricultural sector 

(ii) the non -agricultural rural occupations sector v/hich consists 
of animal husbandry and fisheries, forestry and above all 
the rural indusines sector 

4.2.0 AGRICULTURE SECTOR 

4*2.1 Agriculture is the major component of ths national income* 
More than AO^/o of the national income comes from it* It provides 
employment to about 70% of the total population* Besides being the 
source of food and nutrition for the entire population, it provides rav/ 
materials for the industry, employment for the bulk of the population, 
capital for industrial Investment and foreign exchange earnings* The 
National Commission on Agricutlure has estimated that by 2000 AD, 
foodgrains production shall have to rise to 225 million tonnes from 
the present 150 million tonnes and this sector will have to provict 
employment to 70So of the rural labour force i*e* about 175 millirn 
persons. 

4*2.2 roodgrains production is the major comporjnt of the agri- 
culture sector. Increase In foodgrains production has been slightly more 
than iue increase in population* Tec<inological break-through in produc- 
tion has boen largely ccnfiried to wheat in the irrigated trac^ Paddy 
and Sorght;m among food crops, pulses and oilseeds are the core areas 
for scienctific research to make quantum jumps in production a reality. 

4*2*3 Technological advances resulting in land augmi ntatlon consti* 
tute the basis of land use policy* This has two components vh. reclama- 
tion and development of land out of use and multiple cropping. By 
2000 AD, the National Commission on Agricutlure has estimated that 
tho cropping intensity wil increase from 1*23 to 1.38 in Irrigated tracts 
and 1*16 to 1.30 in dry tracts* 

4.2*4 V/ater is the critical inpiit for Increasing productivity* VO^o 
of the area In the country is cultivated under ralnfed condition* This 
area would go down to about 50% by 2025 AD. These areas contribute 
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^ of f^ oiise^s. production. 92^b of pul^ and 

me^ s the'^^.^hllie^ ^^."''i break-throughs in dry farming 

pracS'^t^^ '^^'"^ ^1 tanks if being 

Nadu i^i«H^5'^3." P™"^ "'^^ We state of Tamil 
they 'are'^nhf. J'"^'f hectares, smce 

StaS"' '"^"^""^"^ -!ent.fic"'rterman'r^ 

Smly^sj^'Sv^u^-?^- 

wise inventory of oround-water resources^ S on VhZ 

d?;'w„"'uo'con^^\-'''^''^ S^n^, °an'£l 

oreZf '^;hf TD'''"'? °* a™""** and surface water vJ^ 
n^M *pression of water table and aimini^ the 

problems of salinity and water logging. oiminisn the 

(cj 67 mha irrigation potential has been created aaainst 
0 rSed^^l-W- :lat'ef 
S^vM- -aSteT-'"- - - - 
.as follows J-^ °f 'ligation policy can thus be summarised 

" 5o<lSn1.er"^; aref '° -""'"^'"^ '° 

' !ow'^rainfT"^rZ water in medium and 

dulgTaS'se'a^^''^ ""^^'"^ '^^'■9^"°" maximun-. area 

" dr'ought'°" °' ^'^^ """'""^ ^'^^^ '"^^^^ 

(a) ■ evolution of sui>able tt'on yielding varieties for «.,^h 
crop suitftl .0 the peculiar agrcw^^mati^rea^s. rpnP^u 

genj^ through the trarafer of g^n^i from one o 
the another is the current area of research. 

SLffi! "Tl' °* '''^ 'es^ng "lethods to accurately 
SJL „1effciency, particularly that of S 

nutrienis in the soil to enable them to be compensatbd.'^fforte 

if in^"'™j , '^^''•"rs '"^ '^"a^" season deSr^ent 
of low and inorganic substitutes for inorganic fertilisers 

if nrnt^''™"' efficiency Of application 

LmhPnM "!f""'^ ^""^ "'"'^S'^a' ""™5en fixation by 
symbiotic and non-symbiotic meclianisms are some of the 
other measures that can be 8c*opted. 
^ fc) pest control methods ,.,ust aim at evolving p-st and 
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disease resistant varletles,trtaiment of seeds before sov/ing, 
an efficient surveillance and v;arn*ing system to enable 

prophylactic and curative spraying and check them through 
biological means and agronomic pt^ctices 

(d) develop techniques which v/ill help to improve productivity 
continuously without a concurrent loss in the efficiency 
of conversion of cultural energy into digr-.ible energy, v;hlch 
wll! at the same time maximise the beneficial effects and 
minimise the harmful' effects of the new technology and 
which will improve utilisation of solar enVifgy and reduce 
photo-respiratcry :uu«s by genetic or chemical means 

(e) meet farm power needs through non-conventional decentra* 
Used sources like bio*gas plants, wind^millSf solar energy 
aoricultural wastes etc.. improved and efficient utilisation 

of man power and draught animal power ■u'.ng improved 
Implements like iron ploughs, tyre yoke, modified sickle 
and spade, foot-operated pump, btjilock operated bamboo 
tube-wells, replacement of diesel pump-sets by electric 
pump-sets and by development of past ^ irvest technology* 

4.3.0 NON-AGRICULTURAL RURAL SECTOR 

4.3.1 This sector is composed of the animal husbandry and fisheries 
forestry and rural industries sub-sectors. 

4.3.2 The objectives of the animal husbandry and fisheries 
programme are diversification of the agricultural production base, 
improvement of hurran nutrition, increased employment, opportunities 
and providing additional income to the v/eaker sections of the rural 
community* To achieve these objectives, productive potential of live- 
stock, poultry and fishes must be improved by tapping the hybrid vigour 
of both indigenous and exotic varieties* Frozen semen technique for 
crossbreeding cows has achieved remarkable break-throughs. This must 
be backed by scientific pasture development (including tapping of non- 
conventional sources of feed) and husbandry practices (including health 
cov^r) to tackle f.he various problems of the nev/ genetic strains. 

4.3.3 Improving the productivity of forests by their scientific 
management to en&ble them meet the exacting requirement of raw 
materials for forest baseC industries, small timber, fuelwooa and fodder 
for the rural community and maintain the delicate ecological balance 
(including its restoration wherever disturbed) are ths avov/ed objectives 
of the forestry policy* According to it, 100 mi! Men hectare ' should 
be unCer forest cover. Estimates show that only 30 mill ion ^ '^it^res 
is actually under forest cover. To achieve this target by 2000 AD, 
5 million hectares of land should b2 brought under forest cover every 
year. The critical bottta-neck is the requirement of 10 billion, saplings 
for plantation every year. Mvdern bio-techniques of tissue culture which 
enables large scale multiplication of disease resistant varieties, along 
with development of suitable, quick growing fuel and pulp varieties 
e.g. annual strains of bamboo* for farm and social forestry appear to 
be the only viable solution. 

4.3.4 Th'^ National Commission on Agriculture has estimated that 
the rural industries sector will have to provide employment to 75 million 
persons by 2000 AD. Schumacher Uzz called for the creation of millions 
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t4"nS^S3y'!%^ckV"Sm"The'^at^:'''? °' intermediate 



5.0 



tesust^rne^Urt^befnTmran;^^^ "n 

t?!if^^ "S'ng anffred compressed bricks a^d lc^al y .v^ i^^rihatch 
to '""Sal attack and for fire pr,Sfing is the only waJ 

6.0 EPILOGUE 

In this dIrecJon If supplemented by m9re community participaS 
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greater emphasis to reduce inequalities along with a continuous debate 
on thft course technology Is taking nnd the application of mid'course 
corrections if any are require^!, shouJd carry this revolution to its 
logical fructification. Care must however be taken to ensure that the 
innovations are in consonance with Ihe prevalent value systems* A 
harmonious blend can only generate optimism about tha future prosperity 
of this cc niry in which every one has a stake since poverty in the 
long run is indivisible. 
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TECHNOLOGY IN PUP' EVERYDAY LIFE. 
EFFECTS OF COURSE MATERIAL OH THE PUPILS' 
ATTITUDE TOWARDS TECHNOLOGY 

F. de Klerk Wolters and M.J. de Vries 
(ELidhoven Uaiversity of Technology) 



Suanry 

Tachtology plays an l^rtant part In socltty. Tht way m 
travel, work, ^pcnd our Itisurt tlas Is intluenctd aort nnd 
aorft by technology. 

It Is desirable that this Is reflected in education: every 
pupil should learn sonethlng about technology in his/her 
education. 

In our group Educational Physics at the Eindhoven University 
of Technology we do research and developaent work into the 
place i)i technology in education. Ve hnve c;Lveral projects. 
The project Physics and Technology (P4T> we are responsible 
for has xhrae aaln activities: 

- Research into the pupils* concept of and attitude towards 
technology and the role technology plays for the quality of 

- research Into the weaning of the concept technology 
according to experts, especially technology in education, 

- development and evaluation of course material about 
characteristics of technology and about the Izupact of 
technolcgy on everyday life situations, to be * used In 
physics and other lessons. 



0. Introduction 

Technology has a great lapact on the quality n£ uf^. Our 
society Is aore and aore influenced by technology. Therefore 
we think that pupils should learn about technology in 
secondary, and also In prlaary education. 

There Is a second reason: nany professions pupils can choose 
are of a technical kind. To be able to «ke their choices well 
pupils should hear about technology and technological 
professions at school before they nko thea. 
yore attention in education for technology can be realized In 
a nuaber of v ys (Black and Harrison 1985), two of which are: 
-> Introducing technology as a separate subject for all 12-15 

)*ear old pupils, 
~> ^'>ylng explicit attention to technology is other subjects. 
In the fetherlonds a dl«cv>islon Is going on now about the 
content of a new subject technology. The governMnt baa 
reacted positively on an advice to Introduce such a subject in 
secondary education. But there Is still uncertainty about what 
the content of such a new subject should be. 
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Id the project Physics end Technology <ln Dutch: Vatuurkunde 
en Technlek, abbr. H&T)» we do research and developoent-work 
with reference to technology In educat^7n. Prof. dr. Jan H. 
Raat Is supervisor of the project » drs. Xarc de Vrles Is 
project-leader, drs. Falco d'3 Klerk Volters and drs. Rosy van 
den Eergh are co-workers. 

The project consists of three activities (also see the article 
cf Haat and De Vrles in Phys.Ed. 1986): 

1. research into the attitude towards and the concept of 
technology of pupils of various schooltypes and of various 
age-groups; this research got an international extension, 

2. research Into the contents of the concept technology 
according to experts, particularly the concept technology 
for education, 

3. developnant and evaluation of example- courses, in which the 
characteristics of technology are dealt with, based on 
exaaples from dally life. 

In this paper each of these ^.hree activities will be discussed 
11 t^e context of the theme of the syi^oslum: technology and 
the quality of life. 



1. Pupils* ideas about technology and the quality ct life. 

By taking up technology in the curriculum we are trying to 
achieve that pupils get an idea of what technology is and what 
role technology plays for the quality of life. Vhat we are 
primarily concerned with is not all kind of detailed 
knowl edge , but 1 nslght 1 n the ge neral character ist Ics cf 
technology (this is also stressed in several contributions in 
Traebert et al. 1979-1985). 

Ve furthermore want the pupils to adopt a positive-critical 
attitude towards technology. Pupils also ou^ht to see the 
place of technology in their dally life. 

This applies to both girls and boys. The fi«)ld of technology 
is often regarded as something particularly suited for 
boys/osn. Ve want to correct this distorted view. 
To fill the education in technology ^n such a way that it 
gives pupils a fairly balanced concept of technology, it Is 
necessary to know what the puplli;* concept is at the beginning 
of technology education. This also applies to their attitude. 
After the technology-lessons we need an instrument to evaluate 
the result of the lessons on the pupils* attitude and concept. 
Little research has been done in this field (Angele 1976, 
Breakwjll et al. 1986, Koore 1984, Hash et al. 1984, Veltner 
et al. 1980. A lot of research has been done into the pupils* 
attitude towards science (Schibeci 1984), far less into the 
pupils' cjncept of science, and very little into the pupils* 
concept of and attitud towards technology. 
Vithin the framework of the project Physics and Technology we 
developed a questionnaire with which this can be measured. 
This quef;tionnaire consists of 88 items of the Likert-type. In 
the first PATT-Iewsletter (PIL 01, June 1986) a full 
dat»cription of the scales and items is given. 




Tht llrfct part at the qutstlonnalre aeasures the following six 
conponents oi tht attitude: Interest In technology, gender aod 
technology, consequences at technology ('technology and the 
quality o^ life'), difficulty of technology* technology In the 
curriculuBi technical careers. Each of these scales contains 
10 IteJB. 

The second part aeasures the concept of t ;hnology (the naass 
of the scales shall be discussed In greater detail In section 
2>: technology as a turan activity In society (10 Iteae). 
technology ana science (6 lte»), designing and other 
technical skllU (7 IteK), dimensions of technology (aaUer, 
energy and IpCormtlon) (5 Iteas). 

To get additional ^nformtlon and also for the validation of 
the results of the Llkert questionnaires, m used essays. 
Vltl this InstruBtnts ve did research aaong 5,000 pupils of 
aboui 13 yeaz < old In the second f ora of second&ry general and 
vocational schools In the let her lands. 
iBportant results are: 

-> pupils have a distorted concept of technology. They are far 
j&ora Inclined to think of the pr&uuct-slde (equlpaent, 
aachlnss) than of the process-side (designing, naklng and 
using thlng3). This goes ^or girls even aore than for 
boys,, 

-> their attitude If fairly positive, but this applies 

significantly aore to boys than to girls, 
-> there Is a high correlation between attitude and concept. 
How we nake soae reaarVs about the pupils* Ideas about 
technology and .the quality of life. Pupils have rather 
different views of the Inportance of technology In society and 
of Its Iffpact on dally life. This becoaes evident froa the 
Inforaatlon of two scales: the 'consequence* loale and the 
concept scale 'technology as a huaan activity'. Particularly 
between boys and girls and between pupils of different level 
of schooling there are significant differences. Vhat these 
differences boll down to Is that boys have a better concept of 
the relation between technology and the quality of life, they 
also have a aore positive attitude towards the consequences of 
technology than girls, and that pupils with higher level of 
education are aore aware of the consequences and la^rtance of 
technology for dally life. 

%t the aoMnt research Is done In the Vetherlahds a»3ng 11- 
year old pupils Isi prlaary education, and aaong 16- 17-year old 
pupils In secondary general and vocational education. 

Because lu sany countries attention is paid to the topic 
'technology In education', It wns evident that Internationally 
there was a great deal of Interest In our research. That Is 
why the PATT^fsearch was started on our Initiative 
(PAn«Pupllrf' Attitude Towards Technology). After pilot- 
studies In 11 countries, which were discussed i:t the first 
PATT-workshop In torch '66 In Eindhoven, a questionnaire was 
developed that could be used Internationally. The 
questlonifilre consists of the scales that we oantloned before. 




Vlth this questionnaire research is done in various countries, 
aoong others: Australia, Belgiumi CanadAi France, Hungary, 
India, Ireland, Italy, Kenya, ligeria, Poland, Spvin and the 
tiK. At the second international PATT->forkshop, in April *87 in 
Eindhoven, various participants will report their results 
(Raat et al. 1987). 

2. Tht Concept *Technolcs7* 

Ve found that pupils h. ;e a distorted concept of technology. 
But what is a correct concept of technology? Vhat concept of 
'technology* do we want to convey to the pupils in education? 
Ve carried out a literature study and consulted experts orally 
to find out what the general characteristics of technology 
are. 

Ve found the following five characteristics (a broader 
description i*5 given in De Vries' 1987). 

1. technology is an inseparable huoan feature. 
This iaplies that: 

a. our 'iew of technology is determined by our view of 
nankind (ideology or religion), 

b. technology belongs to bOwh oen and woman, 

c. technulogy, as nan hinself, has gone through a 
historical development, 

2. technology is always related to changes in the form and/or 
pi ice of natter, energy and infornatiou (the dioensicns of 
technology), 

3. there is a sutual Influence between science and technology, 
both with respect to knowledge and inethodology, 

4. technical skills are: designing, making things, using 
technir:il products, 

5. there is a mutual inf Nuance betveen society and technology. 
At the first PATT- workshop it was decided to take these 
characteristics as a starting-point for the concept- measures 
among pupils (Raat and De Vries 1986). Thereby we combined the 
characteristics 1 and 5 to one scaXe. 



3. (Curses about ^.^chnology 

Ve incorporated thu aforementioned characteristics of 
technology in exaspU-courses (we do not intend to develop a 
complete curriculum). Because in the Vetherlands technology as 
A separate subject has not yet been introduced, we had to link 
up with an existing subject. Ve opted for the subject physics. 
Physics and Technology are interrrelated. It is good thin^ 
for the subject physics if attention Is paid U technulogy. 
This makes the relevance oi the subject all the clearer to the 
pupile. 0ns has to teks care, though, that pupils do not 
regard technoloy as applied .physics. From an investigation wt 
did a&ong taachers of physics it became evident that teachers 
have this tendency (Van den Bergh In Kaat and De Vrits 1986). 
Therefore we organized lnservlce**training meetings tor 
teachers who wanted to use the courses. 
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In the courses special attention Is paid to designing In 
technology and to the role at technology in the quali^ at 
life, Ve only use situations Iroa the fuplls* dally life. 
The theaes that have been developed so far are entitled: 
Making wslcal Instruments, Electrical equlpnant at hoae. 
Coaaunlcatlon, Vater at hoae, Do-lt-yoursell, fuclear 
Engineering arid Lighting. Qt each course an EngUah version is 
available and also of the teachers' guides that belong to 
thea. The first lour theaes are aeant tor pupils at about IS- 
IS year old, the last three theaes are tor pupils aged 15-15. 
An English version of a new theae: Jfe^ical Engineering, will 
be avallaole scon. 

Che text and the Illustration attention has been paid to 
the attractlvlty tor girls. Froa our attitude research It 
becaae evident that the girls* concept and attitude la less 
positive that the boys'. 

In every course there are two chapters that deal Mith 
technical oWects froa the pupils* daily life, e.g. a guitar 
or a flute, a coffee aaker, an Iron, a telephone, a geyser, a 
tap, la^. toois. The pupils see how there objects have been 
designed, how they work and they also learn how to handle then 
and to do slaple repairs. There Is also a separate cWer in 
which the pupils do soae reflections on the role of technology 
for the quality of life: how to use electrical appliances In 
an econoalc way, how eel e-coaaunl cation fesa changed society, 
the good and the bad consequences of It, the Influence of 
technology orx jobs In Industry. 

In the evalu-itlon of the courses we are aalnly concerned with 
the questions: 

-> do pupils like to learn soaethlng about techpaiogy (general 
characteristics and exaaplos ♦roa dally life) this way, 

-> what did the pupils learn froa the courses, 

-> Is there a aeasurable effect on the pupils* concept of and 
attitude towards technology and the role of technolo«v for 
the quality of life? 

In the evaluation It Is laportant to bear In alnd that one 

aeasures not ?nly the effect of the courc^s, but of the course 

plus the way they were used In class. 

Vblle trying to find an answer to the questions above, m pay 
special attention to differences between girls and ooys. 
For the evaluation we use questionnaires for pupils and 
teachers, observations <84e PIL 03, Voveaber 1980) aud tests. 
The evaluation-research Is done aaong about 2,000 pupils In 
secondary general education (ages 13-18). At the Syaposlua 
prellaluary results will be presented In a suppleSntary 
paper. 

The courses are about the features of technology. Therefore 
this evaluation can contribute to the discussion about the 
subject technology in education. 

The courses are also relavant for education on the role of 
technology for the quality of life and for the education on 
everyday life technology. 



4. T«c]iAQlog7, a Mw subjsct la vducatlon 



The liv>ct of technology on aodern society is still SfOKin^. 
Therefore lany people recognize that technology should be a 
separate subject in education. In soae countries it already xs 
a separate subject, in other countries one is introducing it 
or deciding to introduce it. Ve think this is a good and an 
laportant decision. But ve should be well aware of the iact 
that technology is a subject that has &o tradition. That aeans 
that the situation is coapletely different froa physics or any 
other school subject that has s certain tredition. It is not 
surprising > that in all countries, both the countries that 
have, and the countries that have not yet a subject 
technology, the discussion about the aios, the contents and 
the structure of this subject is still going on (see chapter 3 
in Raat et al. 1987). 

Ve hope that our research can give a contribution to the 
discussion. 
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Arfi<ffrinn.^T 'InfnrTMtlnn 

In the Netherlands prlaary education is for puplU ^xed 4-12 
years (grades 1-8); after prlaary education about two third of 
the pupils go to secondary general education and one third of 
the pjplls go to vocational education. Secondary Mneral 
education is subdivided la three types of schools, a.-^ thei 
pre-unlverslty education, which lasts for six years (£/a5es 1- 
6). It ends with school exailaatlofts and a national written 
oxaalnation (sevea subject sJ. »«iv4«uai wri^^en 

Our paper Is concerned with all three types of secondary 
general education, both the lower part 'grades 1-3) and tS 
upper part (grades 4-8). *~ o * ^' ana xoe 

Dra. Falco de Klerk Volter. studied social ffeo«raDhv at th« 

tlu\tT:T.' ^''^y ^^^^^^^ in 

tJ!%? i'^** ^ y""* ''^'^ i* " * researcher at 

the Eindhoven University of Techuology. 

?Si^hnli!^*?o*5?'"?v "n*^ibutlons to the PATT-1 workshop 
(Blndhoveii 1986), the conference Voaen Challenge Technology 
(Elslnore 1980) and the GmT-4 conference (jUchlLn 1987) ^ 

^t.^l ^ff.^'^" «*"^i:•^P»»y•ic• '^t the Frts Uaiv.r.it; in 
AjBterdaa. He was a physics teacher in secondju-y ,^,neral 
education and in a teacher training college. low he is Sjrklng 
at the Bludhoven University of Tinhnology as the project 
leader of the pror^ct Physics and Technology project 

^IT .^°:*^"T ^^""^ "P^^* d° Slri« and boys 

think of technology?, published a report 'Vhat Is techwlo^^^ 
and edited the courses of the Physics and Technology project.* 
Both euthors are co-edltor« of the PATT-Iewsletter?: 

Ve thank drs. Rosy van den Bergh for the translation of this 
peper. 
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RESEARCH-ORIENTED POSTGRADUATE SCIENCE AND TECHNOLOGY 
EDUCATION IN DEVELOPING COUNTRIES NITH SPECIAL REFERENCE 
TO AFRICA 

Kcto E. Mshigcni, Ph.D. (University of Dar Es Salaam, P.O.Box 35091, 
Dar Es Salaam; Tanzania) 

INTRODUCTKM 



Uncil relaclvely recencly, Africa was a dark spoc cm Che 
vorld aap. Indeed^ it vas» £or nany years, referred Co as Che 
Dark Concinenc. AcCually» Africa as a vhole, in cerms of sunshine 
hours per unic conrinenc, is, perhaps^ Che besc lie of all the 
concinencs. Thus, %^tn Calking abouC "darkness" in Africa, ve are 
largely referring Co ics relacive backwardness in.Cerms of science 
and technology education. BuC even Chere, one has Co avoid over-- 
generalisacions, particularly Caking inco cons ideraCion Che face 
that the science and technology that the Egyptians used in 
building the grand pyramids of Giza, one of the ancient seven 
vonders of the world, and in musmifying the bodies of the deceased, 
is still a miracle to modem scientists and technologists. 

It should be realised that Africa is a vast continent, and 
with great contrasts. Socio-economically and sociologica''ly, the 
northern parts have much in comoon with Asia. The southern part, 
on the other hand, in terms of scientific and technological 
advancement (besides the current socio-political problems), has 
mch in common with Europe. In this paper, the thrust of the 
discussions will centre on Africa orth of the Republic of South 
Africa, and South of the Sahara. 

Africa has also, many times, been referred to as "a sleeping 
giant". Taking into consideration her vast natural resources, some 
of which, particularly the mineral- and the aquatic resources, are 
still awaiting explor'a!.isa Mid exploitation, the statement above is, 
to a large extent, quite true. But of late, things have changed. 
The giant is, not only waking up, she is getting up. 

In this paper, an analysis of the state of the art on science 
and technology education in Africa, as a :ase study representing the 
developing world, is being made. On the basis of what is presented, 
a number of suggestions and recommendations have been made, and it 
is hoped that these will stimulate discussion, and that relevant 
national and international bodies, will consider them favourably. 
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METHODS 

The various ideas expressed in this paper are based on the 
author's experience as a teacher, and as a researcher; on his travel 
experience to many countries in Asia and Africa while serving as a 
consultant to the Food and Agricultural Organisation (FAG) ,* the United 
Nations Educational, Scientific and Cultural Organisation, tJNESCO 
^ (Mshigeni, 1985), to the International Development Research Centre, 
IBRC of Canada (Mshi^r:i, 1986) on ideas which stenoed from his 
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participation in stvtral inttnutional conference* on education 
and tramxng m Africa (e.g., see Schlette and Schoeling, 1985); 
and on readmgi from the llttra;ure pertaining to science and 
technology education in Africa* 



IHE STATE OF IHE ART OH SCIOfCE AITD 
TECglOLOCY EDUCATIOM IN AFRICA 

In «U human locietici, Africa included, exposure to science 
and technology education begins «t very early age» indeed from 
childhood days. It is true that the remote villages in Africa do 
not use telephones, electricity, ir modem means of transport. 
In fact, even to-day, in the very interior of Asia, Africa and 
Latin America, some villagers will not have seen «n electric 
bulb, a telephone receiver, or «ven a motor car. Yet, when you 
carefully and patiently examine what they do everyday, you get 
ovcrvhelmed over the numerous applications of science and technology 
education, which dominate their everyday lives. 

Let- us look at the village hunter, for example. His spear, 
his arrow-head, his knife, his everyday tools..., were not imorted 
from Europe or North America: they were manufactured by a local 
technologist. The poisoning on his arrow-heads, is also the product 
of a local technologist. The traditional hunter, fuvthennore, will 
not be bothered if there is no match box around: thci technology of 
making a fire, involving the application of the basic laws of 
physics (friction), is part and parcel of his basic education. 

Take the traditional herbalists. Kjst cf them know what 
plants can be used as medicine against what human disease, or 
against what disease in what domesticated animal, or against the 
diseases affecting what crop plants. They can also tell you what 
part of a particular plant should be applied in each case. 

We often term the village farmer *s hoe primitive. But 
actually, if you analyse the nature of his environment, sometimes 
steep slopes, with many rock-boulders, you will, in many cases, 
come to a conclusion that the technologies he is eaQ>loying are 
most appropriate for the conditions prevailing in his local 
environment. 

In Sukumaland, Tanzania (and in several other districts), 
the villagers are not scared of snake bites: even bites from some 
of the most venomous snakes. What they do to the snake-bircn 
victim IS simple: they make a small incision on the wounded part, 
then they take a special type of stone and fix it onto the wound. 
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foUoved by bandaging the stone onto the body to it doei not fall 
off..., uid that is it. The stoae attracts and absorbs the snake 
venom, thus pulling it away from blood circulation. 

Recently^ vhen I returned to asy home village^ at r'adba, 
Pare, Tanzania, to see ly parents, I met an old priaary school 
class-sate vhom I had not seen for many years. In the course of 
our discussion, I asked him hov many children he kad, and how old 
they were. When I learnt that his children were all bom xhree 
years ap^rt, I got rather curious to know hov this had happened, 
since there are no family planning clinics in the village. Later 
on, I caiae to learn that there is plant, which grows as a vine, 
and which has a root tuber with interesting properties. The 
villagers take the tuber, dry it in the sun, and subsequently 
grind it into a powder. "If your wife does not want to conceive, 
she adds a bit of the powder to her coffee or tea, and drinks it", 
he said. As long as she does that regularly, she will never 
conceive, so I was told. If she wants to have another baby, she 
simply quits drinking the concoction! 

The few examples that I have cited above indicate that 
there are many practices of science and technology education in 
Africa, which have not been documented as yet, and which could be 
researched upon through research-oriented postgraduate training. 
It is a pity that many such traditional technologies are 
disappearing with the death of our grandfathers. 

We need to make a record of the various technologies in 
various ethnic groups in Africa, and to describe the technologies 
in detail. To do so effectively we trust visit the villagers, and 
stay with them for an adequate period of time. With a keen eye, 
with a keen ear, with an enquiry mind, and with a quick pen, we 
could gather a lot of intriguing information about the applica^ 
tions of science and technology education in Africa. We could 
even achieve more, if the visits were made through team work, 
involving sociologists, ethnobotanists, psychologist's, etc. 

From the field observations and f jom the field notes, we 
could then make broad-based hypotheses on possible explanations 
to the observed phenomena. The extract from the root of the 
vine that seems to play the role of the contraceptive pill, could, 
for example, be hypothesized to contain chemical substances 
similar to those in the pill. But i^hings should not stop there. 
Scientific experiments should be conducted, to do chemical extra- 
ctions from the plants, and subsequently, to test them clinically, 
using appropriate laboratory aniioals. Thus the follow-up work 
should >2 done, following tb'2 scientific methods of enquiry. 
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Unfortutnately, however, many the teachers in our 
schools are not research-oriented. This is partly because of 
the poor research infrastructure in their laboratories, poor 
library facilities, and paucity of funds for undertaking 
rasearch. But, aost significantly, mst of our school teachers 
«re not research oriented in their teaching appjniches because 
they lack adequat.* training on research. 

In most of our Universities in Africa, research training 
begins at J5achelor»s degree level. Utxfortunately, however, this 
IS given relatively little weight in the curriculum. Research 
skills are acquired, not by lecturing, or by reading what other 
people have don*, but by practical participation in research. 
Therefore, even at undergraduate level the students should be 
given an.opportunity to undertake research projects as part of 
their first degree training. 

At postgraduate level, most of our African Universities 
require most of the caadidates enrolled in the various degree 
programnes to undertake some piece of research, and to write a 
thesis or a dissertation in the end. But in some cases the 
candidates are not exposed to adequate research tools: and in a 
few cases, it is ctill possible for one to acquire a post- 
graduate degree qualification by course-work examinations alone. 
Host Universities in Africa have, however, now realised the 
signi*- '-ranee of research in postgraduate training, and have 
streng ned the research component of their programiaes. 

;arch -oriented education can be promoted in the 
secondary schools as well, if the secondary school teachers 
themselves are research-oriented. It is important, therefore, 
i° the schools, particularly those teaching 
the higher Forms, be given opportunities to undertake post- 
graduate training. Secondary school teachers who undertake 
research do, m fact, stimulate their pupils to have enqury 
minds. My own experience testifies this. Through the 
inspiration of my Biology teacher, while in Secondary School, 
I was stimulated to undertake a research project on breeding 
behaviour of a polygamous bird, whose findings I subsequently 
published m the Tanzanian Educational Journal . 

Many times, however, at least in Tanzania, many secondary 
school teachers, w»7o apply to enrol for postgraduate training 
programacs at the University of Dar es Salaam, fail to undertake 
the proposed studies due to sponsorship problems ^ since the 
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Ministry of Education allocAtei relatively few scholarships tvery 
year for postgraduate training* Special considerations should 
be made to give nore school teachers a choice to undertake such 
training* Spec^ialconsiderations should also be aade to 
isprove the school laboratories, as th^ vill enable the 
re£earch*oricnted teachers to perfozoa better in their teaching, 
and to build enquiry minds on the part of their pupils* Various 
donor agencies should also consider giving assistance to the 
developing countries vhich propose definite projects on the 
improvement of science and technology education among Third 
World Countrie:;* 

Many Universities in Africa do, in fact, now have many 
lecturers and Professors, %iho have solid training experience in 
scientific and technological fields, vho can effectively train 
science and technology education teachers for the schools* 
At the University of Dar es Salaam alone, there are, for 
example, vsll over 200 academic members of staff vho have the 
Fh.D* degree qualification* There are almost twice as many 
Faculty members with the Master's degree qualification, end vho, 
therefore, also have some exposure to research-oriented 
education* 

With the current rate of human resource development in 
Africa, there is every reason to believe that science and 
technology education in Africa has a promising future* And it 
vould have a brigl.ter future if adequate inputs, vhich vill 
lead to the improvement of the current research infrastructures^ are 
provided* 
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A. INFORMATION ABOUT THE EDUCATIONAL SYSTEM IN TANZANIA 



THE EDUCATIONAL SYSTEM IN TANZANIA: PRE-UNIVERSITY 

1. Lower Primary School ; A years: Ages 7 - 10; 

2. Upper Primary School; 3 years; Ages 11 - 13; 

3. School Certificate : A years; Ages U - 17; 
A* Higher School Certificate ; 2 years; Ages 18-19* 

— ^ 1 '"'■■■■■■■■■■^'■■Maaaaaiia — Ma^,,,,,^,,^,^ ,^ ^,,^,^^! 

MODES OF ASSESSMENT: 

1* Lower Primary School ; 

* Continj^s assessment through tests: 

* Final examination on cocqpletion of Grade iv* 
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2» Upper Primary School; 



• Concinout attessoenc chrougb cetcs; 

• Fltul» Priatry School Leaving Examination on completion 
of Grade VII 

3. National School Certificate Couric 

• Continuous asffettmcnt through tests: 

• National Examination at the end of Form II; 

• National School Certificate Examination at the end 

of Form IV-> 

4. National Higher School Certificate 

^ Continuous assessment through tests: 

• National Higher School Certificate at the end of 
Form VI • 

5. Selection for University Entrance: 

• .Candidates vho have passed the Mature Age Entry, 
University Examination: 

• High quality passes of at least wo two Principal Level 
subjects in Form VI, at same sitting 

6. Duration of first degree courses at the University 



• Three to five years, depending on field of specialisation 



THE VHERE THE PAPER FITS: 

* Technology education 

C. ABOUT THE AUTHOR 

• Prof»Dr. Ketc E» Mshigeni is a Professor of Botany and 
Director of Postgraduate Studies at the University ot 
Dar es Salaam* He received his B.Sc* degree at the 
University of East Africa, Dar es Salaam University College, 
Tanzania, and his subjects of specialisation were Botany, 
Geography, And Education* Subsequently he went to undertake 
graduate studies at the University cf Hawaii, Honolulu, 
where he conpleted a Ph*D* degree progranne in Phycology 
(Harine Botany) • Since 1980 be has been serving as Duector 
of Postgraduate Studies at the University of Dar es Salaam, 
and is in charge* of the University's Graduate Studies 
PrograBmes, International Co-operation Link Programnes, and 
Staff Development Progranois. He has also served as « 
Consultant to several International and National Agr -cies, 
and has also published over 70 scholarly papers in fields 
of Botany and Education. He is wide travelled, and has 
attended many international conferences and symposia. 



of Dar es Salaam; 
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TECHNOLOGY EDUCATION AT THE OPEN UNIVERSITY OF THE UK 
J. J. Sparkes (Open University, r^ilton Keynes, Great Britain) 

The Open University 

The Open University is s distance teaching institutions with only 
research students on th- canpus. it is designed for adult stu- 
dents whose minimum age is 21 ye«rs. it began with the appoint- 
ment of a Vice-chancellor at the beginning of 1969. At the 
present time, the university has rather more than 65,000 
undergraduates whose average age is about 27 years. About 70,000 
have graduated, 10,000 with honours. 

The univers**-y offers modular degrees. A student who success- 
fully completes a course obtains a credit or half credit 
(depending on the amount of work in the course). To obtain an 
ordinary degree a student must have obtained six credits (or its 
equivUent, with some credits obtained as two half credits). To 
obtain a degree with nonours, a student must have obtained eight 
credits, two of wtiich must have been at honours-degree standard. 
These honours courses are referred to as 3rd-level or 4\th-l2vel 
courses. 

The courses that students take on entry are called foundation 
courses, and are introductory to university work in both content 
and character and in method of study. The courses appropriate to 
ordinary degrees are called 2nd-level courses. The courses are 
named according to level rather then according to year because 
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students are allowed to take uourses at their own pace - within 
limits* 



A full credit conprises 32 units of work, each intended to occupy 
a student for about 10-12 hours, and is regarded as a week's 
work* Half-credit courses are taken at half the pace, each unit 
l>eing spread over a fortnight* 



One unit is about 12 hours' work comprising: 

always a correspondence text 

often a TV programme (with notes) 

a radio programme 
cofnputer«4narked assignments 
tutor-marked assignments 

sometimes home-kit work 

attending tutorial 
(sometimes by teleconferencing) 
using computer terminal 
audio vision or radio vision 
self-help groups 
counselling 
video tape 
reading a set piece 

Every course finishes with a final examination end about 
half the courses offered include a one-week summer school 
at a normal university* 



Since Open University students are to be found all over the IK 
and many are in full-time Jobs (including being a housewife and 
mother), it is rarely possible to give them regular, personal, 
face-to-face tuition* So each course has to be designed to match 
its particular educational aims* If mental skills, such as using 
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iwthefwtlcs, writing or programming are .l.Tportant aims, oppor- 
tunities for practice r<ave to be provided. If knowledge is the 
aim the most appropriate medium to convey the information is used 
- print for data, TV for visual information, audio tapes for 
authoritative views etc. 

But if the understanding of complex and abstract concepts, which 
is the distinguishing feature of higher education, is the aim, 
the multimedia methods indicated in Table 1 are gentraiiy needed 
to help remote students to learn effectively. 

Grasping concepts is a quite different learning activity from 
menorising facts etc or from acquiring intellectual skills such 
as analysis, writing, doing mathematics or creativity. 

Since tne main educational medium is the correspondence text, and 
since students in the Open University system cannot ifrmediately 
ask questions of an author if they have difficulty, it is clear 
that these texts must be written with great care and must include 
as much student activity as possible* 

2» The Teaching of Technology 

There are six Faculties at the Open University, Arts, Social 
Science, Education, Mathematics, Science and Technology. The 
Faculty of Technology is divided into five disciplines. Design, 
Systems, Materials, Engineering Mechanics and Electronics. No 
discipline offers sufficient courses to enable students to con- 
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centrate wholly on one area, so even the most specialist degree 
profile must include a course or two from another discipline or 
from another faculty. 

The Design and Systems Disciplines are less specialized than the 
other three, the former being concerned with the principles of 
Design as a key activity in technology» and the latter being cofi- 
cerned with the conplexity of modern organizations » er^perxally 
industrial ones» and how to analyse the problems of mt^naglng t'lem 
effectively. 

The Technology Faculty as a whole has chosen to introduce the 
study of technology in its foundation course through the investi- 
gation of technological issues* rather than by first laying a 
thorough grounding in mathemrtics and physics. This is sometimes 
called the 'top-down' approach rather than the 'bottom up' 
approach. The philosophy behind this approach accepts, firstly, 
that technology cannot nowadays proceed without at the same time 
considering its effect on people, on society and in the environ- 
ment, and» secondly, that it is essential that this broad view of 
technology be introduced early in a degree course » if^ order to 
ensure that the subsequent, more academic and analytical studies 
can always be put in the context of their effects and consequen- 
ces. 

In the second and third levels the various technological topics 
are dealt with separately, or in some instances by two or more 
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disciplines working together, giving, such courses as control 
engineering and electronic materials and devices. There are 
basic courses in maUiematics and the sciences for those »ho need 
them, but «uch of t> development of these subjects is included 
as required in the technology courses ♦ Whenever possible sub- 
jects arc Uught in the context of design . This means for 
exanple, that the mathematical analysis of problems, is extended 
to include the modelling which enables them to be applied to real 
design tasks. 

For a final honours degree credit, especially for those seeking 
professional recognition, there is the possibility of carrying 
out a project comprising an investigation into sone tecJvwlogical 
problem couplt:J to a proposed solution, properly designed, costed 
and planned. 

Practical work has also to be designed effectively. By being 
quite clear about the aims of practic*^l activities a good deal of 
routine laboratory work, that often occupies students t; , unpro- 
fitably, can be eliminated. In general it is not necessary to 
confirm experimentally results that students have already fully 
understood. The required practical work tries to set only 
surprising phenomena and then expects students to apply t^ieir 
newly acquired understanding to the solution to design problems. 
Demonstrations of experiments or expensive apparatus can be pre- 
sented . , video tapes or TV often more successfully than by 
showing the real thing. 
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With both the academic and the practical aspects of technology 
dealt with in a satisfactory manner it is possible for students 
to obtain exenption from the Part 11 Engineering Dwncil examina- 
tions in certain subjects, and so obtain the status of Chartered 
Engineer. 

The E ducational System in the IK 

Education in the UK is compulsory between the ages of 5 and 16» 
About 15% continue at school until they are 18 years old in order 
to take A-level (advanced level) exams. Selection for university 
entrance is based mainly on A-level results • A minimum of two A- 
level passes is required, though most universities insist on 
three A-le^-els, with better than minimum pass marks in all sub- 
jects. 1: is possible for 'mature students' (eg over 21 years 
old) to gain entry based on work experience, though few rio so. 

The Open University's place in the Educational system 

The Open University sets no entry standards other than a minimum 
age of 21, though even this limitation is about to be removed. 
Students are selected on a first-come-first-served basis. About 
50,000 apply each year but only about 25 000 new students can be 
accepted each year. Students are advised about their suitabi- 
lity, and other courses are often recommended, but none is preve- 
neted from registering. A good deal of counselling is provided 
during the foundation year. 
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Autobiographical note on 3 3 Sparkest BSc> PhD, FEno 

3 0 Sparkes is Professor cf Electronics Design and Cdnmunications 
at the Open University. For 10 years he was also Dean of the 
Faculty of Technology and for 2 years he was Prc-Vice-Chancellor 
in charge of Academic policy. Prior to Joining the Open 
university in 1970 he had been Reader in Electronics at Essex 
University for 3 years and Senior Lectu* ar in Comraunications at 
Iirperial College, London for 5 years. From 1952 to 1962 he was 
in the telecommunications industry, mostly in the Plessey 



He has written 3 books on transistors and their applications and 
has published many papers on aspects of electronics, on educa- 
tional methods and on the philosophy of science. 
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ESTABtlSHING A LINKAGE MECHANISM FOR TECHNOLOGY 
TRANSFER BETWEEN NATIONAL SCIENCE AND TECHNOLOGY 
AUTHORITY (NSTA)- SCIENCE PROMOTION INSTITUTE (SPI) 
AND THE MINISTRY OF EDUCATION. CULTURE AND SPORTS 
(MECS) SCHOOLS 

Dr. Adoracion D. Anbrosio 
(Director, Philippine Science High School) 

Objectives: 

A. General Objectives: 

1 To accelerate the transfer of technologies froa the laboratories 
* of the R 5 D institutes of the NSTA to the end-users, through a 
ncchanisa which would link aore closely the efforts of the R 5 D 
agencies of NSTA and the MECS Schools. 

B. Specific Objectives: 

1 To transfer the skills and knowledge on specific matured techno- 
' locies to a selected group of school teachers who are expected to 
re-echo the training to their students and to their connninity. 

Project Design: 

1. A study of the state of the art in the specific areas of concern, 
as follows: 

a the school curriculua and what if offers for teaching the 
' scientific processes involved in the transfer of technologies 

b. the existing resources of schools for laboratories and equip- 
ment for the teaching technologies 

c the present capabilities of R D institutes in terms of expert- 
trainees and equipment for the transfer of technologies 

d. the present program focus on NSTA regional offices re- the 
program for technology transfer 



e. 



the present program thrust of NSTA Proper and the Councils 
re- the program for technology transfer 



f related programs of other government agencies re- technology 
transfer such as those of the U. P. School ^^SmII Scale 
Industries, the Bureau of Small Scale Industries and the MECS 
••Sari ling Sikap" Program. 

•n^c creation of cowaittees lAich would represent decision 
makers, the technical advisers, and experts from both the NSTA 
and MECS at the natiomX as well as regional level. 
, The conduct of training programs on the transfer of the techno- 
logies. 

. The installation of a monitoHng and feedback mechanism 
luate the ii^act of the training programs on technology transfer. 

, Overall assessment of proiect accomplishments. 
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Organization of the Project 

proiel? ^T^lifl ■ech«nis« for the technology transfer 

^ hn;h fo"o«ng -bodies were constituted with representatives 
- A^^^VJ^ rSS?^"^':^ agencies the National Science and Technology 
^^^^ Education, Culture and Sports 
1^ . ^f^^^ specific factions involved 

planning, iwnitoring and evaluation of the project activities, 
so^ SLittfe! * ^^'^'^ * technical p«iel and an advi- 

di«*t!^r^i!?l??* composed of a project director, project coor- 
<unatcr, project leader, statistician and special disbursing officer 
?!!^.f.f.T?^S?^^"'; 5^ ^^ff^f the Scie^e^^S^' 

l^TAU " Technology AuSioritJ 

Functions of the Project Team: 

1. Set project objectives 

2. Decide on plan of action 

3. Develop strategies 

4. Identify and analyze various job tasks to inpleajcnt the 
project ^ 

5. Determine the allocation of resources including budcet. 
•anpower and facilities ^ 

6. Assign specific job tasks and responsibilities 

7. Coordinate on-going activities 

8. Measure progress toward and deviation from Projects* goal 

9. Takes corrective action of project plan 
Functions of the Technical Panel: 

1. Prepares the training design 

2. Acts as trainors/resource person 

3. Evaluate outcone of training 

4. Evaluate feasibility of the hVjcage v^anisa 
FuTJctions of the Advisory Comittce: 

1. Establish Ae Terms of Reference (TOR) for the cooperative 
project. The TOR defines: l) objectives, 2) strategies, 

61 ^iill^Jfj;??'/^"'''""* requirements, S) expected output, 
o) comnitments of the cooperators. 

2. Reviews the outcome of the initial implementation of the 
plwi on establishing the linkage mechanism, for technology 
transfer between NSTA-SPI and NECS schools and makes recoa. 
■endation for a plan of expansion. 
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Planning the Training Prograras 

In planning the training programs to be undertaken for the transfer 
of technology* in this case the transfer of R 5 D technologies fron the 
NSTA institutes; the Technical Panel took into consideration the follow- 
ing factors: 

a. product specialization 

b. different indigenous resources 

c. values of the populace 

d. level of awareness 

e. level of absorption 

f. delivery system 

The products and processes in which the R 5 D institutes have 
specialized were identified. Thus, the Forest Product Research and 
Development InstituteCFORl-RIDI) atLos Banos was tapped for the technology 
on charcoal briquet ting and charcoal production; and the National 
Institute for Science and Technology (NIST) for the processing of coco- 
based product and fruits. Guided by inforoation from the KSTA Regional 
Coordinator, Region IV regarding indigenous resources, the products which 
are found to be more or less in abundance in the region were tapped. 
Identified are the fruits and vegetable^ in season, coco-by prod^xts; 
and the sources of charcoal dust. 

Identified also are matured technologies which are re?jy for deli- 
very from the R 5 D institutes. These are in line with research and 
development activities of the NSTA institute, which focuses on the 
processing of coco-by products, the production of charcoal and the techno- 
logy of charcoal briqwtting, and fruit preservation. 

Availability of manpower expertise for the training programs was a 
consideration in the scheduling of the training' program; likewise the 
choice of a venue accessible to the majority of participants. 

For the three training programs the most appropriate venues selected 
are the schools (DSAC and SPSAT Training Center) and Ae NSTA-KKK CGL 
Deiuonstration and Training Center, Lucena City. 

T\\e two other factors, values of the populace and level of awareness 
were perceived as supportive of the transfer of technology program. 

For this project, no systematic study of the level of absorption 
of the region of the processed product was naie. However, contacts 
with the University of the Philippines Institute of Small Scale Industries 
revealed that such information can be obtained. 

Project Implementation 

Directed towards the accomplishment of the principal project 
objectives, which is to establish a linkage mechanisa between the fCCS 
schools and the NSTA with the Science Promotion Institute pPI)as the 
focal point for the transfer of the matured technologies froo the 
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NSTA R G D institutes to the teachers and students of both the formal 
and non-for«al school system, the planned linkage mechanism was ini- 
tially iaplewnted in Regim IV. 

The major activity of the Project is the holding of training/ 
seminar i#orkshops on the transfer of the identified technologies from 
two R 5 D institutes, the FORPRIDI and the NIST. Namely: 1) charcoal 
production and charcoal briquetting; 2) processing of coco-by 
products, including coco-jam vinegar making, soap making; 3) fruit 
processing, i.e. candy making. 

Tiie participants of the training program are the piAlic elemen- 
tary school teachers (Home Economics and non-formal) of Indang, Cnvite, 
the public high school teachers of Quezon National High School, Lucena 
City; other school teachers Division of City Schools, Lucena City and 
the teachers of vocational and trade arts of the San Pablo School of 
Arts and Tirades, Lagunm. 

Constraints in Project Implementation 

1. Changes in top level officials of the cooperating ministries: The 
Project was launched at the time Minister 0. D. Coxpuz of MEGS 
resigned and for some time the «pCS was at a stand still. 

After having made initial feelers »Ath the top officials of 
tlte Bureau of Elementary Education, Bureau of Seocndary Education, 
the Office of Non-Formal Education and the ffiCS Region IV, this 
project director changed plans about coming to an agreement at 
the Ministry level instead commitments for cooperation at the 
regional/bureau levels were reached. 

2. Changes in program priorities at the NSTA: A top priority proiect 
of the NSTA Minister is the NSTA-KKK project for the transfer if 
matured technologies from the R 5 D institutes. Howsver, with the 
budget cuts for 1984, the Budget Ministry had indicated that funds 
for activities concerning livelihood projects should be sourced 
from the KKK Livelihood Program. 

TTio NSTA was therefore constrained to give lowest priority 
for funding to the NSTA-KKJC project. This change in thrust teiroo- 
rarily affected the assignment of scientists- technologists as re- 
source persons for the training programs for the transfer of 
technologies from the R $ D. 

a. Politics and the 1984 Elections 

T^e period for holding the training program at Indang, 
Cavite coincided with the election ban which constrained 
program organizers who opted for the involvement of local 
government officials such as the Mayor of Indang. Thus, the 
training program was postponed to after the election period. 

b. Teacher Participation and the School Calendar 

Inasmuch as the Project was conceived more than half 
way of the school calendar; there was the time element to 
considek-. The school activities had. been planned at the 
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beginning of the school year and the teachers could not par- 
ticipate in the training program until after the end of the 
school year. This »cant further that only teachers who were 
rendering service during the suamer term were available for 
the training program. 

c. Assignment of Resource Persons froa the R S D Institutes 

The training programs could only take place when resource 
persons from the R 5 D institutes are available; thus it is 
important that R 5 D institutes si^ort the Project • 

Project Accomplishnents 

This project has demonstrated the feasibility of establishing a 
linkage mechanism between NSTA and MECS for the transfer of matured 
technologies from the research and development ( R 5 D ) institutes 
to teachers and students through the schools utilizing primarily the 
training program. Identified as the focal point in the linkage mecha- 
nism is the Science Promotion Institu;e, the promotional arm of the 
NSTA, to orchestrate the efforts for technology transfer between NSTA 
and the collaborating Ministries. 

The linkage mechanism is a operational i zed in the creation of 
an Advisory Committee, a Technical Panel and a Project Team with 
membership from both ministries. 

Essential to the successful operation of the linkage mechanism 
is the designation of officials/persons from both ministries who could 
bring their expertise and leadership as well as corjnitment to the 
cooperative undertaking. 

Through their representatives sitting in the three bodies, both 
cooperating ministries, MECS and NSTA-SPI participate in the planning, 
monitoring and evaluation of the projects. 

Figure A illustrates the writers conceptualization of the linkage 
mechanism spanning the cooperative effort through three stages: plan- 
ning, monitoring and evaluation. It illustrates the hierarchy of 
functions, as well as the scope of responsibility of the mechanism for 
cooperation vested in three bodies: The Advisory Committee, the 
Technical Panel and the Project Team. Figure A also illustrates how 
the inputs of the three groins of advisers, experts, project developers 
and evaluators goes to the targeted clientele using the channel of the 
training programs and ho\f the clientele feedback in turn reaches the 
hob of the linkage oechanisD. 

The present set up for the technology transfer effort of the R 5 D 
institutes linked directly to the schools is illustrated in Figure B. 

The project work flow is conceptualized in «i gure C. The flow 
chart of activities demonstrates the sharing of vesources and capabi- 
lities, and the specific role of each of the coopi rators . It is shown 
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that the SPI as focal point is tasked with coordination in all 
aspect; planning* Monitoring and evaluation. 

All inputs of the coopcrators at each stage of the p.*ocess of 
iiplemcntation feeds to the training prograu which is the vehicle to 
reach the Urgeted clientele of the project. 

Both ■cdkanis* have their strong and weak points. Howver for 
the purpose of extending the iwpact of the progran of technology trans- 
fer, the cooperative pechanism established is expected to be »ore 
effective. 

The cooperative ■echanis* promises to be »ore effective because 
there is established « channel to seek out the Urgeted clientele. 
FurthenDore, the aechanisai provides a regular channel for the sharing 
of resources as well as responsililities for project iipleiientation. 
Thus, if the schools are made regular partners of the enterpriie; 
thry can identify trainees as well «s serve as venues for the training. 
The R 5 D institutes therefore need only to provide the experts for 
training. Continuing support for the technology transfer program can 
also be assured if undertaken as a special project with separate 
funding prefer abldy from the NSTA grants-in-aid. 

The aechanism likewise makes possible t-he continuing involvement 
of officials of both NSTA and MECS at the national as well as the 
regional level . 

One other output of the project is a monitoring/feedback scheme 
to follow up the activities of the trainees at least six months 
after training. This monitoring/ feec&ack mechanism will provide in- 
formation on the impact of the training program conducted for techno- 
logy transfer. 

Significance/Project Impact: 

Considering the millions of pesos spent by the government for re- 
search and development (R 6 D ), it is important that the output from 
the R 6 D should reach a broader base of the population. 

The matured technologies from the laboratories of the R 5 D insti- 
tutes are delivered thru workshops, lecture demonstrations and piAlica- 
tions describing the technologies through the information units of the 
R 6 D institutes or the field offices. At present, these channels for 
technology transfer «t the NSTA have limited capability to reach the 
end users of the technologies. This maybe attributed partly to the 
present structure of the R 6 D institutes and the NSTA field offices 
and to the constraint on resources for the technology transfer program. 

If the situation is not attended to, the matured technologies 
would not be transferred to the end users; thus, no economic benefits 
would accrue to the Filipino entrepreneur. Furthermore, indigenous 
technology in this country would not progress without feedback from 
the end users to the researchers of the R 6 D institutes regarding 
the acceptability of the product/process. 
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This Project is designed .to demonstrate the feasibility of a 
«cchanisB which would linV the efforts of the NSTA - R G 0 institutes 
for the transfer of technoK^cies to a specific sector of the end users, 
i.e. the teachers, their stuo\nt5, and the conmunity through the 
channel of the schools. 

The sharing of resources, including manpower and facilities is 
expected to maxinize the present capabilities of the cooperating 
institutions at both the national and regional levels involved in the 
technology transfer pi^grajo. 

If the project objectives are attained and funds are available; 
hopefully the policy makers of both NSTA and HECS would extend prior- 
ity attention to the provision of equipment and training facilities 
not only at designated training centers but also in idcntifir J govern- 
ment schools. 
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A. Pre -University Educational System: 

For the ucademic stream in the educational ladder* the pre- 
university level consists of the elementary (6-7 years) and 
secondary (4 years). Approximately^ elementary school pupils 
are between the ages of 7-12 years; while secondary school stu- 
dents are between the ages of 12-16 years. For university en- 
trance, graduates of the four year secondary school curriculum 
(academic or vocational/trade/agricultural high schools) must 
pass a National College Entrance Examination given by the Minis- 
try of Education, Culture and Sports. 

a) The paper herein presented falls at the secondary level of 
the educational* system. 

b) Dr. Adoracion Dp Ambrosio the writer of the paper, "EsUb- 
lishlng « Linkage Mechanism for Technology Transfer between 
the SPI-NSTA and WC's Schools'*, at present is the director 
of the Philippine Science High School^ a residential high 
school vhich prepares scholars funded by govenaer.t for 
careers in science and technology. Prior to this appointment. 
Dr. Anbrcsio was deputy-director of the Science Promotion 
Institute (SPI) an institute under the National Science and 
Technology Authority, the policy making body in science and 
technology in the Philippines. Dr. Anbrosio's professional 
career includes teaching stints at the secondary and colle- 
giate level in the private schools and colleges and at the 
University of the Philippines in her field of specialization. 
Dr. AiBbrosio is holder of the degree of Doctor in Education, 
major in International Educational Development Studies and 
Educational Planning from Teachers College, Colucbia Univer- 
sity, New York City, 1979. She has been the recipient of 
scholarships and fellowships awards in the pursuit of her 
studies at the Institute of Educational Planning, Unesco, 
Paris, at the Institute of Economics, Oxford University, U.K. 
at the University of California, Berkeley and the Teacher 
College, Colun^ia University. She has been involved in the 
fomulation of plsns sr.d policies; the sor.itcrir.g and evalua- 
tion of programs and projects in Tht field of science education 
and scientific manpower development at the National Science 
and Technology Authority. Thru such involvement. Dr. Ambrusio 
has established linkages with agencies, governmental as well 

as non-governmental in science and technology education both 
in the national, regional as well as international context. 
She has represented her country at international conference 
as expert, amng this are: the Consultative Meeting of 
Expert called by Unesco in Paris, October 1982 on the "Method- 
ology in Data Collection on S S Education and Training at 
the Tliird Level", 29 Septenber-October 1982. Dr. Anbrosio 
was a Philippine delegate to the Third International Syzspo- 
sium on World Trends in Science G Technology Education, 
Brisbane, Australia, 7-20 December 1984. 

Dr. Atsbrosio is a Career Executive official of the Republic 
of the Philippines . 
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TEACHIKG TECHNOLOGY - HEFWaWTW. W EXArt>L£ FROH 
m ZEAIWS ECONOMIC HISTORY 

Mtrk Cosgrov«, Biiry Nemn and Kf^Mel Forret 

Science Education Restarch It 
University of ValUto-Htnllton Teac.^rs College 
Haallton. New Zealand 

umtooucnoN 

^«<^''^o^;9y does not feature strongly In science or other 
lessons in New Zealand schools, imile mny teachers acknowledge the 
educational pos.ib Hties of technological exai^les. few^hJve the 
7.lf^r!tl 1^ ?'^'^°P '"^^"^ teachers work from 

Jj^i^'^J ^ theoretical approach to science topics, which tell 
th€« what to tetch and how to teach it. If technological ideas are to 
be incorporated into science lessons, then researchers need to develop. 

evaluate and refine Mterials to the sUndard of least 
Stln5l%^ to cc;nvent1onal textbooks. Ve have devised wterials and 
T^l Lt . ? technology, and have nonitored their 

/nfA^ii 'S^JJ^f^ ^5S? ^" P*'"^ °" ^ generative learning nodel 

Wi^-trock 1985). one element of which is the role learners 
play in the actJve generation of Manin^ through the interaction 
between new sensory Inputs and Ideas already incorporated (or subsuJaed) 
into long ter« «mory. Since we are interested in the «itter of 

"'^^ the constructivisMc notion of engagement), 
our task is to find ways of holding student*^ attention for sufficient 
IV^S^l w ^ ^co«e co«i1tted to learning the subject matter. One 
iLi^n ^I;!!^iIr'?.iJw*^'5*" developed by sur group is based upon students 
asking succesiively iwre penetrating questions about a specific idea or 
event, while .jnderUking investigations which Might provide iniighta 
irlllMcl tlfi'lVi^i: ;J J'*" questions. In the process they 
5mh^?V*^^ n^l teacher, and others 

(Biddulph and Osborne 1984). Eliciting questions depends largely upon 

tl uMj t \^ developed. Our view is that attention is promoted 
by using wterials chosen for their social or economic significance, 

Kly"l97dl " "^^""'^ enlironmcnt ' 

mposEs 

^nf^l^ HL^^i ^? "J'"" concepts within a technological 

I' u *if establish«nt of positive attitudes to- 

wards technology. The possibility of displaying technology as an 
ISu o'^^Sil^i^^l^.^^J'? Illustrates tliS capacity hSwn^h"e ?or 

ed' iuh'i^^r llSSenl;."*^'** "^'"'^ ^" «^Pl°^- 

CHOOSING TECHNOLOGICAL SYSTEMS 

Our views (Cosorove 1986) have been developed, in part, from those of 
Slack and Harrison (1985). Kelly (1978). and Stead (1982). The latter 
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two have considered specific students who nay be disadvantaged In 

science; all female students, and Polynesian students, respectively. 

We justify our choice of refrigeration on the grounds of: 

Scientific signlfl. ce. The way we think about heat and Its transfer 

Is crucial In understanding wny natural and technological systems. 

Students of physics should confront these Ideas. 

Educational significance. The mechanical view of heat is not as 

Intuitive as the nore coirroon view which gives heat the properties of a 

substance. To help learners wodify their intuitive notions, we would 

begin byexplor1ng,the1r ideas about heat and heat flow using everyday 

phenonena. 

Historical significance. Since the European settlement of New Zealand 
about 150 years ago, the econonv has developed through a series of 
technological innovations in the dominant Industry, agriculture. The 
first, and probably the greatest of these was the transport of refrig- 
erated foods to Great Britain, yet very few people understand the 
science or the technology of refrigeration. 

Technological significance. Some household appliances have markedly 
affected the quality of life particularly in the storage and prepara- 
tion of food. Students can Imagine what life would be like without 
refrigerators. 

CUSSROOH IMPLENENTATION 

In this investigation, three groups totalling 53 students (age 16 years), 
in the first year of formal physics spent 10 hours of class time over a 
period of three weeks, with their teacher (M.F.). The classes were 
attended by an evaluator (B.N.) who up until that time had not been 
associated with this project. In the following summary of a teaching 
sequence (Cosgrove and Mueggenburg 1986), the capitalised terms 
identify the stages. 

This topic was IHTROOUCEO by the teacher using a public television 
prograrrrw about the impact of refrigeration on agriculture and trade. 
Then the students wrote an IHITIAL STATEKEHT of their ideas about how 
a refrigerator operates. Next, the students recorded their 'BEFORE* 
QUESTIONS, for which they would need answers if they were to make better 
explanations, iiixi fourth stage was a series of ACTIVITIES, based on 
other students* questions, exploring specific aspects of refrigeration. 
These were: 

1. viewing a photographic display of domestic and industrial 
refrigerators 

2. dlMJantling an obsolete refrigerator 

3. using thermostats to switch current on or off 

4. comparing insulating materials 

5. measuring temperatures in an operating refrigerator 

6. investigating freon*filled cannisters 

7. compressing air using a cycle tyre pump 

8. expanding compressed air from a car tyre 

9. Investigating the evaporation of a volatile liquid. 
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from the ensuing discussions students recorded their •AFTER' QUESTIONS, 
for which they now needed answers if they were to satisfactorily explain 
the operation of a refrigerator as a heat pump. Thesa questions were 
^ fjrst part of a stage in which each student would prepare a suwnary 
or 'AnER* STATENENT. In this sUge. the students used the sUff- 
education audiovisual materials provided by a refrigeration manufacturer, 
and then asked a visiting EXPERT to help in developing. ir.swers. Hext 
the students designed a refrigerator (using as starting materials a 
polystyrene box and a can of freon) and developed their explanations 
for the processes occurring in each conponent of their design. 

CVAUIATIOH 

There were 3 parts to this evaluation. The first was a series of in- 
formal observations and interviews with a number of students during the 
course of the unit (not further discussed in this report). The second 
part was based on the responses of 45 students (28 male) to a free- 
choice questionnaire. The third was an analysis of students' state- 
ments made at the be&inning (by 43 students), at the conclusion (by 
17 students) and a few weeks later (by 47 students) (Newman 1986). 

ANALYSIS OF QUESnONNAIRE RESPONSES 

The practical activities: Two questions dealt with how the students 
perceived the practical activities. A majority mentioned the freon 
activity as one of those that they were most interested in, (58X), and 
as one of those that most helped them to understand how a refrigerator 
operates, (60X). 

The unit overall: Three questions dealt with the unit as a whole, 
and the sequence it followed. Students were asked to Indicate whether 
or not they were interested in how a refrigerator operates, whether or 
not they ^ had ideas on how a refrigerator operates, and whether or not 
they had linked some of these ideas together. A majority indicated 
that they 

(a) were interested in how a refrigerator operates while working with 
the practical activities, (62X), and when designing their own refriq- 
erator, (67X); 

(b) had developed ideas Cd how a refrigerator operates when working 
with the practical activities, (80%), when interacting with the class as 
a whole, (56X), when designing their own refrigerator, (73);), and during 
a discussion with an expert, (63X); 

(c) linked some of these ideas together when working with the practical 
activities, (69X), when interacting wito their peers, (64X), when inter- 
acting with the class as a whole, (62X), when designing their own 
refrigerator, (87X), and in the discussion with an expert, (53X). 

Aspects which assumed considerable significance for these students 
during this unit were the practical activities, designing one's own 
refrigerator, interaction with fellow students and the discussion with 
an expert. 

Attitudes: Two questions were directed at students* attitudes to- 
wards tCie unit as a whole. 62X claimed they liked the unit either a 
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reasonable anount or « lot, while « further 20% claimed they liked it 
a little. When asked to compare the approach of the unit in teaching 
physics with "the usual way physics is taught". Bit claimed they liked 
this approach better, while 12% clainfed the reverse. 

Understanding: At the end of the unit, 93X claimed that they 
thought they had a reasonable understanding, or greater. 

AHALYSIS OF STUOEHTS'IKITIAL MD AFTER STATEMEMTS 

Khen asked to make a statement at the beginning of this unit about how 
they thought a refrigerator operates, ZZ% claimed that they did not 
know and made no further statement. The average number of words used 
by the remaining 77% was 17 (range 2-43). The 17 statements (from 
1 of the 3 groups) examined at the end of the teaching sequence con- 
tained an average of 60 words (range 30-100). Four weeks later, 47 
students made statements about how a refrigerator operates, and these 
averaged 88 words (range 18-252). It is worth noting that very few 
students used a particle model to explain aspects of these physical 
changes, despite the emphasis given to this model in the science 
curriculum in the previous five years. 

GENDER DIFFERENCES 

The gender differences which emerged from this study (Table 1) are 
particularly interesting. 

CONCLUSION 

Ue are confident that this approach has been effective in gaining 
students' attention, as shown by their comments about interest, confid- 
ence and understanding, particularly for female students. Some learn- 
ing has occurred, but not the usual physics knowledge required by 
official syllabuses. This approach, based upon a theory of learning 
and a teaching strategy derived from it provides an effective altern- 
ative to the conventional textbook-driven approach. 

This study (and others undertaken in the Science Education Research 
Unit) suggest that conventional physics lessons may demand too much of 
students at too early a stage. The 16-year old students in this study 
were in their first formal programme of physics. Previous contact with 
the subject would typically have been brief, unv-elated to the everyday 
world, find taught by teachers with little empathy with physics. Few 
16-year old students are confident about their understandings in physics, 
or of their capacity to interpret theories and apply them to natural and 
technological phenomena. This approac!^ suggests some gain in confidence. 

FURTYCR DEVaOPNENTS 

Two specific developments are planned. The first is to add an IN-DEPTH 
stage in which students can investigate the topic further, by selecting 
a study from 

1. exploring the role of refrigeration in horticulture, medicine, 
animal breeding; 

2. using a Journalistic approach in which the scientific aspects of 
refrigeration would be incorporated into a television programme 
on the intact of this technology; 
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TABLE 1. QUESnOWWIRE AWlLtSIS 
SOHE CENOEX OIFFEXERCES 



9. 
10. 
11. 
12. 
13. 

14. 

15. 
16. 



17. 



StudenU' Co—nU 

clilaing Interest In how a rtfrloerator 

works before the stert 

clalalng to have Ideas on operation before 

the stert 

clalHing to have Ideas on operation after*'** 

discussing activities 

clalalng to have Ideas on operation during 

audiovisual segmnt 

clalaing to put fdeas together on how a 

refrigerator works during the audio- 

visual show...,,- 

■entioning therMsUts as the Mst Interwst- 

Ing activity 

■entioning dismantling a refrigerator as '**' 

one activity that was Interested in aost 

of all 

■entioning dISMntlIng a refr1ger*tor as'one' 

jctlvity that helped undersUndlng most 

■entioning freon as one activity'that'was'*'* 
Interested In nost of all 

■entioning freon as one activity that helped 
onderjunding nost of all 

clalning to feel reasonably confident while" 
wrrking on the unit 

claluing to feel satisfactory while working** 
on the unit 

clalalng to like the approach of the unit'"' 
better than the usu«l way of learning 
Physics ' 

clalning to like the usual way of learning ' 
Physics better than the approach of this 
unit 

■aking satisfactory or bette/ifter'itite^'" 
■ents : 

of those Mking satisfactory or'better'after* 
sUteaents those using one or nore 
dlagraas 



of those asking satisfactory or better 
after sUteMnts, the average nuiber of 
word' used 



•Sender Ratio 





u* icMie* 




lO* iCUlC 




77% feMle 




65S fenale* 




65X feMle 




S9X female 




17X feiule 




6% fenale* 




71X female 




82X female* 




35X female 




S9X female 




S9X female 




OX female 




70X female* 




17X female** 


Male 


FeMle 



77 words 127 words*** 



fey ♦ sutlstlcally significant at the 5X level using a y» test 
with a Yates correction * 
** «t*t1st1cally significant at the 2X level using t test 

with a Yates correction ^ 
*** statistically significant at the 2X level using a Cochran 

and Cox t test wuwiran 
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3. investigating related scientific natters, including latent 
heat, specific heat capacity, kinetic theory of gases; 

4. considering technological topics such as feedback and control 
systems, earlier refrigerants, the development of the freons, 
and atmospheric effects of such compounds; 

5. studying the social impact of this technology on society. 

The second development is STUDEKT-LED TEACHING of the scientific 
matters listed in point 3 of the in-depth stage. Thus a three-stage 
teaching strategy is evolving. The first stage is a set of exploratory 
activities, as has been described in this report. The second consists 
of the in-depth studies described above. (These two stages are pre- 
dominantly technological in orientation.) The third stage is the 
development of rational explanations for the phenomena involved, and is 
the scientific stage. Development will be slow. Although teachers 
have recently been given considerable freedom in developing courses for 
the si^.h form programme (grade 11), they are reluctant to make extensive 
changes rapidly. 
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fRE-UllVERSm EDUCATION SYSTEN III NEV ZEALAND 



Ye<r 

1 6 



Age 

5-10 



St49e 

pHsary school 



8 



11 - 12 



Intemediate school 



9 
10 
11 
12 
13 



13 
14 
15 
16 
17 



note (a} 
note (b) 
note (c) 



secondary school 



Notes 



(a) students nay leave school at 15 years 

(a) students take the School Certificate exam in up to 
6 subjects 

(b) at the end of year 12, students are awarded a Sixth 
Form Certificate with grades (moderated on the previous 
yearns results in the School Certificate examination). Some 
students enter University at this stage, but with specific 
permission 

(c) at the end of year 13 students may be awarded a Higher School 
Certificate (on a pass or fail basis), and/or they may sit 
the University Bursary examination, and the University 
Scholarship examination 

The students taking part in this study were in grade 12. called form six. 
In this year students take five or six courses which can be designed by 
teachers; each course of study is ratified by the Education Department. 

THE IflUlERS 

Mark COsgrove is principal lecturer in science education at Hamilton 
Teachers College. Hamilton. New Zealand. 

Barry NeMnan is senior lecturer in science education. University of 
New South Wales. Sydney. Australia. 

Michael Ferret Is senior physics teacher. Hillcrest High School. 
Hamilton. New Zealand. 
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SCHOOL MATHEMATICS, ADVANCED TECHNOLOGIES, AND 
RESPONSIBLE CITIZENSHIP 

Douglas H. Crawford (Queen's University, Kingston, 
Ontario Canada) 



INTRODUCTIOW 

This paper atteapts to ayntheslze diverse trends and thinking 
relating to education in an inforaation technology age. It focuses on 
the place of natheaatica in contributing to basic curricular 
experiences needed for responsible citizenship today and in the coming 
decades. 

TWO AREAS STUDIED BY THE AUTHOR 

Since about 1980» the author has focussed his thinking and study 
on two related areas: U) the iapact of advanced technologies on the 
school curriculua in aatheaatics (ii) the re-design of school 
aatheaatics curricular experiences as a whole, in the light of i) and 
the other educational and global needs and trends. 

In 1982, he aade a research proposal to the Social Sciences and 
Huaanities Research Council of Canada to conduct a broad yet detailed 
ctudy of enterprises in Canada using high technology in a production, 
consuaption or service aode. As a first step, a feasibility study 
under the auspices of the Council was designed and carried out in two 
phases - (1983-84 and 1985-86) with a sabbatical leave intervening in 
which the author studied developments in school aatheaatics, science 
and technology in Australia and the U.R* For the research study 
(Crawford 1986a) two questionnaire instruaents were developed *- one 
based on a classification of nathematical activities and processes, 
the other based on an 'inclusive* list of basic aatheuatical topics 
for schooling for ages 5-16. Both were based on extensive research 
and development work in the 19708 and 1980s (see for exanple Bell 
(1978) and Wheeler (1982). The result was a 2-level process taxonomy. 
Basic aatheaatics activities/processes were seen as forming a sequence 
consisting of classifying, abstracting, representing, transforming, 
and validating. A second set of five complex and composite processes 
were identified as proving, problem-solving, oodelling, mathematizing 
and investigating. The basic content/topic list for the other 
questionnaire was also developed froa a nuaber of sources, including 
Roaberg and Nontgoaery (1976), National Council of Teachers of 
Natheaatics (^^980) and the Report of the Cockcroft Committee of 
Inquiry into School Hatheaatics in England and Wales (1983). 

Some forty eaployees of a large hi-tech telecoaaunications plant 
in Ontario were interviewed using these questionnaires. They 
represented four levels of responsibility (aanager, engineer/ 
technologist, production worker and clerical worker) and spanned the 
operation of the plant froa research and developaent through design 
and production to sales, aarketing and aanageaent. The main findings 
of the study were: 

(i) All eaployees use activities and processes which parallel 
those of the process taxonoay in planning and carrying out 
their work. 

(ii) The coaputer is widely used in all the areas and phases of the 
enterprise - for accessing and retrieving data, and for 
a'onitoring and control purposes. 



the .tchool utheutict curriculua* 
(Iv) 



475 



ERIC 



JS!!r.t;c.?'"^'^ -Sree-ent th.t .chool ..th.utlc. too 

tn the direction of applications and everyday u.ers of 
Mtneaatica. 



2ttel«lcl ^.r^ "7 l.port.nt for .chool 

^i^T^y 'ffV ''^V'' activities and 

thinking processes which workers at all levels in this technological 
plant use .irror those used in doing «athe.atics, Ihe significance of 
these Processes for the currlculu. has also been e.pbasized recently 
?I.^^r " currlculu. develop.cnt. and the teaching Ind 

idJa^rfe^f « •yte.atically re -tiesigned to take full 

^! this finding, the .eaningfulness of «athe«atics can be 
itm%7iH""f:!''"/" overvhel-mg proportion of students who 
JJiiL Tf -ytifying, and generally irrelevant for their 

lives. Linked to the process dlMension, however, mst be the 
finT«w"f/^i^^ ''^^''^ ■atheiutlcal content is .ost appropriate, and 

V 1 how is this content best learnt by each student. Clearly, the 
whole classroo. and school learning environment or cli.ate is a 

ri^J„i^^°\K"V"?iw^*"°'.^ .itttation. ihe author intends 

to broaden the fessibility study to conduct up to about twenty sinilar 
case studies acroas Canada in a variety of significant aress of 
econo.ic and social activity (co.aunications, software and artificial 
Intelligence, advanced aanufacturing technologies, servica industries 
and enterprises, biotechnology snd resources) (Crawford 1986b). 
4« 107?*""! °" re-design of school aatheaatics began 

in 1979 with a comparative study of school .athe.atics assessnents in 
tne u.b.. the DJC, and Canada to identify areas of curriculum which 
needed re-thinking and improvement (Crawford, 1980). This led to a 
research study on the significance snd place of estimation and 
approximation In the curriculum (Crawford 1982), snd to the 
realization that these ideas together with measurement formed a major 
bas.s for much of the actual use of mithemstics by the typical person 
in the real world as well as in the realm of industry (accuracy, 
preciaion, control and efficiency). The author continued to develop 
these ideas on aabbatical leave and on his return «nd has produced a 
major paper which attempted to synthesize them (Crawford, 1986b). 

This on-going attempt to re-design the 'core' mathematics 
curriculum in schools is based on aeveral premises which are strongly 
supported by recent international thinking in education and 
iaiE*V*V986)*^""^^°" (Council of Europe 1979, UNESCO 1985, Proc 

1. Mathematics should be p resented mainly ss a powerful too l for 

use in solving proble ms and in acting respon sibly a« 

individual and citirenJ ^ 

2. Ongoing and frequent provision should be made in the 
curriculum for InterdisciplinarY or ultra-disciplin srv tasks 
involving mathematics and other subject areas. 

3. The curriculum should be designed to foster increas ing 
independence of the student from the teacher in order to 
develop initiative and rcspbnsibility for self-directed 
learning. 

4. Learning should include innovstive Icsming which is 
future oriented and participatory, as well as «l■«^n^>n«n^>t 
learning. 

A model of curriculum in line with these premises has been 
proposed recently in the 0.)C by Black and Harrison (1985) who put 
forward A Curriculum of Resources and Tasks In which individual 
subject areas act as resources for 'practicar tasks which sre 
Interdisciplinary, drawing on subject areas as required. They clsim 
that their model can unite the practical with the vocational, and the 
academic with the liberal.^ Theoretical .uppoi^t for the model comes 
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from the vork of Plaget «nd Bruner both of who« clai« that knowledge 
and action miat be linked together In a currlculuv for It to be 
acceptable* The concepts of autonoay and Integration have alao 
received conalderable dlacuaaion In the laat decade and Innovative 
learning aa a neceaaary approach to prepare Indlvlduala and aodetlea 
to act In concert In new altuatlona haa been propoaed In one of the 
Club of Rome Keporta (Botkln et al 1979)* Innovative learning haa two 
prlsary and mutually related factora, anticipation (aa oppoaed to 
adaptation) and participation, which honoura the near^nlversal and 
conalatent deaand at all levela In the world for equitable 
participation In determining aocletal laauea, eapcdally aC global 
levels* 

PEVELOPINC AND IMPlEMErfTING A RE-DESICWED CURRICOLDM 
In the author 'a view, there are many encouraging algna that the 
Mthesatlca curriculum (and Indeed the curriculum aa a whole) are 
becoming leaa laolated from the real world* The continuing 
dlacusslons and trenda Involving the uae of the microcomputer (Howaon 
and Kahane, 1986), the move towarda Integration of aclence and 
technology In achools (lOSTE, 3rd Symposium 198«) and a general 
realisation of the need to see the curriculum aa a whole (Goodlad, 
1987) are all algnlflcant* Yet In all of this, few voices are raised 
about the basic position of mathematics In achools, and the need to 
Integrate It with the rest of currlcular experiences* Initial work by 
the author outlined briefly at the lOSTE Brisbane aymposlum Is 
continuing, and It Is hop«d that an Inter-dlsclpllnary group 
representing math, aclence and technology can obtain funding to begin 
a development project* 

Here, a brief outline will be given of areas of global 
significance which the author believes, mathematics as a resource, 
should become an Important part of a "resources-tasks** curriculum* 
Sources used Include recent Association for Supervision and Curriculum 
Development publications by Remy (1979) and Horlasett (1982) 
emphasising the Increasing need for general education for citizenship 
as a necessary foundation for Informal civic participation In an 
environment of global Interdependence, and an exciting new aoclal 
science curriculum containing a central Interest In values with a 
strong future orientation proposed by HcDanleld (1974) who uses a 
cultural systems approach to explore continuity and chenge In a number 
of areas such as population, technology, culture «nd ecology* 

As an Illustration of Interconnecting mathematics and responsible 
citizenship, let us focus on the responsible uae of a basic human and 
material resource - water - drawing on books by Allen (1982), Peccel 
(1982), Keating (1986) and Fremont (1979)* Fremont provides a useful 
Model by discussing mathematics and the environment - In particular 
the use and abuse of air, water and energy* His approach la to 
confront the atudent with wasteful practices that are Individual 
responsibilities* He uses data from Blehman (1973) to develop 
awareness of the Individual use of water (then 200 litres a day In the 
USA)* Keating supplies 1980 data on annual Individual water use In 22 
western countries, which shows a range of uae going from 2.3 million 
litres (Ml) In the USA down to 0*2 Ml In Switzerland* Canada uses 1*5 
Ml* Canada and the USA share the Great Lakes aystem which has about 
one-fifth of all the fresh water on the earth's surface* Pulver 
(1986), In a review of Keatlng's book, notes that an Individual needs 
two to* five litres a day In water and other liquids and foods to 
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■alotAln the body*t water baUace* While Africans use about that 
aaouQt a day, Canadians use an average of 288 litres. With the advent 
of the alcrocoBputer, It should now be possible to enter data of this 
kind, ahowlng trends of use not just of water but of other basic 
resources auch as agriculture, forests and fisheries. The student can 
then be led to ask questions auch as those developed by Freaont: 

Why dues the use of water generally continue to Increase esch 
yaar? If doaestlc users save water will the total aaount used 
fall off aharply? Why? 
Finally, Freaont also provides tabular data on the Earth's total 
water aupply (about Ax lO" litres), noting thst 92X of this Is ocean 
water. The relationships between the use of water and other factors - 
population, cllaate, natural water resources, cultural noras can then 
be studied* Fulvar reports: 

While we (Canadians) use water without thinking, half of the 
world's 4«8 billion people cannot get enough dean vat , and 
one third have Inadequate aanitatlon, a crlalnal altuatlon at 
the root of 80 per cent of all the world' Illnesses, Twenty- 
five allllon people die every year froo waterborne dlsesset; 
IS allllon of thea are children. 
The world population Is currently 4,9 x 10^ an^!; Its rate of growth 
over 1,6 per cent per annua. In 1985, this added 80 allllon people 
over 3 tlaes Canada's population, to the world. Projections call for 
6 X 10* In the year 2000, and a 50-60 per cent greater agricultural 
output to feed then. 

If the aajor justification for the currlculua Is to aeet 
significant huaan needs. It Is surely tlae that aore future-oriented 
approaches to curriculum are urgently explored. This nc^d not aean 
that aubjects like aatheastlcs lose their Individual significance, 
especially for abler students. But It docs laply that we re-deslgn 
the curriculum on a dffferent basis. Solving resl problems requires 
Input froB msny sources. Surely we can re-organlze the overall 
curriculum ao that the resource subjects are taught In the mornings 
perhaps, with Interdlsclpllnsry problems and tasks forming the 
application of these resources in the afternoon. 

It is the author's intention to continue this process of re- 
design, and hopefully to develop experiences which can take advantage 
of the power of the microcomputer (e,g,, as a spread sheet and data 
base) to produce Innovative cooperative learning, keeping in mind the 
awesome dimensions of the task especially the critical need to involve 
representative teachers and students and demonstrate that in-service 
training is effective. The work of Burkhardt and Fraser in England in 
leading teachera into less directive roles affords a model which 
certainly holds promise (Burkhardt, 1986), 
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FRE-ONIVERSITY EDUCATIOH IH CANADA 

Education in Canada ia a provincial rcaponaibility* Nearly all 
provlncea have a foraaf program of kindergarten followed by 12 years 
of schooling atructured according to the following table 

Stage Grade Levels Age RanKe 

(Nominal) 



Kindergarten IC 5-6 

Privary-Junior 1-6 6-12 
(Elementary) 

Junior High 7-9 12-15 

Senior High 10-12 15-18 



Ontario and Quebec ahov variationa from this pattern with 
Ontario atudenta entering 4 yeara of High achool at age U after Grade 
8» and Quebec atudenta going to Junior College for 2 yeara after Grade 
II* prior Co entry to Univeraity after "Grade H"* 

Many of the provinces uae an assessment system which is a 
conbination of final Grade 12 marka and teachera* aasessments* 
Ontario* however* has no provincial-wide end-of-schooling examination, 
and Universities baae entrance on their judgments of the marks from 
Individual high achools* 
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work linking aubjecta together at the aecondary level, with 
•athematica aecn and uacd aa a dcaign and problem-solving tool* 
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TECHNOLOGICAL DEVELOPMENT AND THE RAW MATERIALS 
PROCUREMENT IN THE DEVELOPING COUNTRIES 

Greg. 0. Ivu» Professor of Industrial Chemistry (University of Benin» 



Abstract s The applic*Uon of Science *nd Technology education in the 
procurement of the local recouxces for the real econoaic 
developcoent of the Developing countries has been high-* 
lighted. About BOji of Seoi-manufactured and ceai-pzocessed 
aiaterialB required as feedstock by the industries in the 
developing countries is ioported* 

This is insplte of the fact that there are adequate potential 
local raw materials to sustain these industries. Yj»ng priority, lack 
of the appropriate atrategyt aechaniea and adequate financial invest- 
ment are responsible for the failure to utilise the local raw oaterials 
for technological developaent of the developing countries. 

. Raw oaterials Develoj»ent Centres with adequate financing are 
suggested to be established in the Developing Countries. Appropriate 
personnel in the tertiary educational institutions in the developing 
countries should be fully utilised in the technological developoent of 
t^s countries* 



Benin City» Bendel State, Nigeria) 
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It hu betn •■tijwi«d that about 80?^ of the induatrial feedstock 
materials f cosBprlsln^ seai-oanuTactund and/or scni-procesced naterials 
are laport«d ftoo the drreloped countries ♦ This is insplte of the fact 
that there are adequate potential local rav materials available in these 
oountries* On accouiit of this unvholesoae and avoidable reliant: on the 
Imported rav materials as the feed stock for the local industries, 
severe coristralnts have been imposed on th^ technological developeent cf 
the developing countries particularly of the African continents 

A detailed analysis of the technological developeent Tis«-a-vis the 
industrial development pattern of the third world countries votild reveal 
that technology acquisiticn involves either the transfer of the manu- 
facturing licence to the foreign-ovned subsidiaries or to the locally 
owned fixes* Ihus the locally owned or controlled industries are obliged 
to use multiple sources of technology, while the foreign owned industries 
use an integrated single source of technology* Kost of these industries 
are secondary industries or asseably plants utilising seni-processed feed 
stocks Imported from the developed countries* Ironically ©ost of these 
semi-processed feed stocks are derived from the rav materials ext^-acted 
and exported from the developing countries* If th59 paltem is wtained, 
there cannot be any genuine and realistic technological development of 
these countries* 

In order to xainimise this cycle of dependence and exploitation 
three major challenges have to be recognised, tackled and solved* 
Firstly, most of the industrial machinery and equipment were conceived 
ana designed to bsj^dle the imported semi-processed feed-stock ftoa the 
developed countries* nius, for the machinery and the equipsent to 
handle the local rav materials they would either be re-designed, drasti- 
cally modified to cope with the parameters of the local raw materials or 
in the exceptional circumstances be scrapped « /"'^exnatively additional 
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processing facilities ni^t be zequix«d. 

Secondly in the interio, how would the developing countries nain- 
tain supply of essential goods and services ftoa the local industries 
while awaiting the adjustaent of their manufacturing practice and the 
backward integration of the industrial plants - to peitait the utiliza- 
tion of Ihe local raw aaterials. 

Thirdly, having identified the appropriate local raw materials sub- 
stitutes, how would the developing countries ensure that there is ade- 
quate technological capacity and financial resources to process the raw 
materials for the relevant industrial plants. 

Incidentally nature endowed most of the developing countries with 
abundance of raw materials* Hevertl^^less, on account of the economic 
and political history of these countries, trans-national and multi- 
national corporations of the developed countries are only engaged in the 
extraction and exportation of these essential raw materials to their Tome 
bases for processing and manufacture of finished conLumable products for 
re-exportation to the developing countries. This Is part of the reason 
for the stagnation of the technological developments of the third world 
countries* However » with the Increasing economic awareness, Industries 
are now being established in the developing countries by the Govenment 
and local indigenous and foreign enterp.'eneurs, Unfortunately some of 
the modalities used In establishing some of the core industries in these 
developing countries have raised some critical technical and economic 
questions* For example, in some instances^ enou^ account had not heen 
taken of the indigenous raw materials prior to the conception and design 
of some of the core Industries In the developing countries* In some cases 
plants have been designed and fabricated for the utlllzaxlon of imported 
semi-processed raw materials from' the developed or vendor countxlet* 
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A lypical ezaaple of this situation is the recently estahlished 
Iron and Steel Cc«plex in Hi«eria. Clearly there was not enough process 
data on the relevant raw naterials for the latter to he taken Into 
••riott- account during the selection of «ie technology and the design 
of the country's Steel Plant Complexes. This is primarily the case 
l)ecause litUe or no real investoent hag heen loade on the investigation 
of the Indigenous raw aaterials relevant to Iron. It is therefore un- 
derstandable but unfortunate that the two Iron and Steel Plant Complexes 
in the country substantially rely presently on imported raw materials. 
This is inspite of the glaring evidence of abundance of potential local 
raw materials like iron ore, coal, dolomite, limestone, reftactoxy clay, 
manganese ore, iron scrap and natural gas, that would more than adequately 
sustain the Iron and Steep Plants in the country. 

Again, using Nigeria as a^ example, the natural gas reserves in the 
country are put at about 300 trillion cubic feet. About 30?: of this is 
associated with crude petroleum oil and 705^ unassociated natural gas. 
It is important to note that the energy status of natural gas dramatically 
increased from 29^ in ^^6S to 195^ in 1980 as a primary energy source. On 
account of the hl^ ratio of gas/oil during the oil extraction in Nigeria, 
an average of about 1000 standard cubic feet of gas is produced per 
barrel of oil in Nigeria. Inspite of the fact that Natural gas could 
be the most important raw material that could easily become a vehicle 
for quick and economic industrialisation of the country, nonetheless, 
due to lack of the technological capacity and the financial resources, 
over of tlds gas is Hared. The amount of gas flared daily is equi- 
valent to 1^0,000 barrels of oil on energy basis. 

Prior to the nationalisation of the Cuyanp. Bauxite Complex in the 
Eejmblic of Guyana in South America, the Transnational Company expemded 
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a lot of the country's foreign exchange in the Importation of vheaten 
flour which eerved as a flocculent in the Bauxite Plant operations. 
However, soon after the nationalisaUon and with adequate research and 
developoent progranae and financial inYestanent the imported wheaten 
flour was substituted with local cassava Hour without los': of quality 
or lopaixnent of plant operations. It is worthy to note that since 
nationalisation the technological and developoent capacity of this esta- 
blishment has teen widened and deepened and tiie technological spi'^ff 
has been the establishment of ancillary industries related to this 
strategic and core industry. 

On account of historical developoent especially in Africa education 
was only aimed to create an administrative cadre to provide for clerical 
functions as well as to administer law and order. Thus the philosophy, 
attitude and approach to education curriculum have remained outside the 
main stream of the technological and economic developaent of the society. 
This has resulted in the economic and the productivity activities of the 
developing countries totally dependent on the developed countries. This 
largely accounts for the hunger, disease and lack of shelter apparently 
endemic in the developing countries. 

To correct these deficiencies in the education curriculum and 
training concrete steps have been taken in recent times by some develop- 
ing countries to good effect. The re-orientation to practical training 
and technolc5ical education have yielded good results in countries like 
Korea and Hong Kong. In the African continent, HiS2ria has recently 
hanged the philosophy and structure of its education curriculum. This 
is the so-called 6-3-3-1 system of education, comprising six years of 
primaxy, three years each or junior and senior secondary education res- 
pectively and finally four years of University education* This system 
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leeks to tniuxe ih&t education has coocretet practical and functional 
orientation and relevance to the needs of the individual and the society* 

Kron this discussion it is clear that there are adeqiiate potential 
raw aaterials to feed "ttie relevant and appropriate industries for the 
technological developoant of the developing countries* Vbat is appa- 
l*«ntly a:bsent are the technological oapaeitx, strategy, sechanism and 
the financial resources for the prooureaent and the processing of the 
raw aaterials as feed stock for the industries* Vith the appropriate 
education structure, in place, it is recosnended that priority status he 
accorded to funding the rrelopnent^ procurement and processing of 
indigenous rav naterials for industries tn the developing countries* As 
a natter of fact, the production and processing of local raw materials 
should take precedence over the establishment of new industries in the 
developing countries, even if in the short-tezm, it implies the exporta- 
tion of the semi-processed rav materials* Over and above this recooaen- 
dation, both the Private and Public sectors in the developing countries 
should establish vdthout delay Bav Materials Development centres* 



Reference s 1* Greg* 0* Ivu, Indigenous Bav Materials* Production 



for Heavy Industrie^ Proceedings Science Association 
of Higeria Conference, 22nd - 27th July, 1981i» Sokoto, 



Nigeria* 
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THE USE OF ULTRASOHICS IN MEDICINE AND 
ITS IMPACT ON THE QUALITY OF HEALTH-CARE 

by 

Abdul Lfttiff Abood 
School of Industrial Technology 
Uaivtrsiti Saint Mftliyftii 
lltOO Pcnang 



I. PRINCXPLS8 OF ULTMSONIC tiEASUREMEfiT 

X«c»ntly, wmy of the InnoTitions In Mdicinc hftv« taken 
place bacauaa of tho uaa of ultrasound. By definition, ultrasound ia 
aonlc energy at frequ«>nciea above the audible range, i.e. greater than 
20 kHz. 



1.1 Propertiea of Ultrasoun«: 

Mke other foraa of aonic energy, ultrasound exiata as a 
aequenc* of alternate coapreaaion and rare fact iona of a aul table 
■ediu:. (air, water, bone, tiaaue, etc.) and ia propagated through 
th&t Mdiua at aoae velocity. Its behaviour alao depends on the 
frequency (wavelength) of the aonic energy and the denaity and . 
■echanical coapliance of the aediua through which it travela. At 
the frequenciea normally encountered in diagnoatic applicatlona, 
ultrasound can be focused into a beam which obeya the lawa of 
reflection and refraction. 




Figure i: Reflection and refraction of 
ultrasound at an interface between media 
of different densities. 
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Whtn«v«r a b«u of ultrasound pasttt froa one aedlua to 
uothar, a portion of tha aonic anargy it reflactad and the 
raaaiBiar is rafractad, as ahcwa in Fifura 1. The aaount of energy 
reflected depends oa the difference in density between the two 
Mdia and the 'aacl* at which ths traosaittad beta strikes the 
aediua. The cr««ter the difference in aedis density, the frester 
W I be the anouDt reflected. Also, ths nesrer ths ancle of 
iBCide&ca between the beam and the intsrfsce is to 90°, the grester 
will be the reflected portion. 

At interfaces of a^treae difference in aedis density 
auch as between tissue and bone or tissues and s gaa, alaost all 
the energy ain be reflected and prscticslly nona'will continue 
through the sscond aediua. For this reason,* the propagstion path 
of ultrasound into or through the body aust not include bone or any 
gaseous aediua, such as air. In applying ultrasound to the body, 
•n airless contsct is' usually produced by using an aqueous gel or 
s water bag between the transducer and the akin. 

Table 1 lists ths density and other propertitis of vsrious 
aaterials, including aeversl of biologicsl interests. Note thst 
the density cf water and aost body fluids and tissues is 
approxiaately 1.00 ga/ca'. Bansene has a denaity of 0.88 ga/ca*, 
wharea the density of bone is slaost twice as greet (1.77 ga/ca'). 

Ths velocity of sound propagstion through a aediua vsries 
with the density of the aediua and its elastic properties. It slso 
varias with' teaperature. As shown in Table 1, the velocity through 
aost body fluids and soft tissues is in a fsirly nsrrow range around 
1550 a/sec. The velocity in wster is Just slightly lower 
(1529 a/ssc) . Note that the velocity of sound through fst is 
significantly lover st 1440 a/sec, while that through bone is auch 
higher St 3360 a/sec. 

Every aaterisl has a characteristic inpedance which is 
defined as the product of its density and the velocity of iound 
through it. Table 1 gives the chsracterisi:ic iapedancss of seversl 
aaterisls. 

Also givsn in Table 1 is an attenuation constant, o, for 
•ach mstsrial. Aa ultraaou'\d travela through the asterisl, soae of, 
ths energy is absorbed and the weve la ettenueted or weakened s 
csrtaln saount for esch centiaeter through which it travels. The 
aaount of attenuation is s function of both the frequency of the 
ultraaound and the characteristics of ths aatsrial. The ettonuation 
conataat, o, is defined by the aquetion 



0(psr cm) « cf»*, where 

c « proportionslity constant, 
f " ultraaound frequency* and 

B « axponentiel tera dateralntd by the propertiee of 
the aatarial 



Thie foraula ahowe thet the attenuetion iacreasee with 
aoaa power of the frequency, vhich iapliee thet the higher the 
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^Modifitd froft Walkowits k Dueitch, Bioaedicsl ZutruMnts: Theory k 
lOtMitpa, Acadeaic Praii New York, 1976 

•4-Valuee of attenuation cooataoi are computed at a frequency, f, ot lllHz. 




Figure 2: An ultrasound ecanner in operation. The 
Operator aovee thn acanning head acroea the etoaach, 
which haa been lubricated with greaae to aid ite 
paaeiige* The teet ie a routine check in pregnancy* 
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frtquMcy, tli« Oiatanc* it can ptnetrati into th« tody with 
« fiv«n Mount of ultPMontc •a«rsy. For this r«aioD, low«r ultra- 
sound fy»qu«nci«s m ussd for desper penetration. However, lower 
frequencies are incapable of reflsctint smIi objects. Thus, for 
finer resolution, hither frequencies aust be useO. Ultrasound 
fr^Ciuenciss of l to 15 MHx are usually used for diagnostic purposes. 
At 2 MHs, distinct echoes can be recorded fro« interfaces 1 urn 
apart. Higher-frequency ultrasound is also aore susceptible to 
scattsring than ultrasound at lower frequencies. However, the high 
frequency ultrasound teas can be focus<rd for greater resolution at 
• fflven depth. 



.2 tlltrasonlc Generation 

Sound wavsf suitable for disgnostic ultrasound aust have 
frequencies in the range 1-10 MHs, and bs of sufficisnt power so 
that pulse echo techniques can be used. For this frequ^cy ranee 
and power level ultrasound is produced by the piesoelectric effect. 
This effect occurs in certain crystal (e.g. quarts) when they are 
subjected to • high electric fieltf of several hundred volts per 
allliaeter, which causes the crystal to distort. Crystal of quarts 
were used on early record players which utilised the reverse effect 
of ('•chanical distortion of ths cyrstal producing aa electrical 
sifual across ths crystal. Both these properties ars used in 
disgnoutic ultrasound transducers. If a high frequency electrical 
signal Is applied to a crystal a certain aaount of ths eneyjy |,iii 
be converted into ultrasound; whsn an ultrasound beaa Is incident 
on such a crystal, the sound energy will be converted into an 
electrical signal. The aost coaaonly ussd transducer aaterlal in 
ultrMonic diagnosis is the synthetic c^araaic lead zirconete 
tltanate. Thsss piesoelectric ceraaics are knovn as f erroelectrics ; 
they are polarissd during aanufacture by applying an electric field 
of about 20 kV per ca across the ceraaic when it has been heated to 
a teaparature above its curie point, then slowly cooled. 

Wbff^ alternating voltage is applied to the surfaces of 
one of thess Yransducers in the fora of a disc, oscillations are est 
up within the disc. Soae of this oscillatory energy will pass into 
ths aedlua iaaediately m contact with the crystal, however, at the 
surface of the disc soae ener«y will bJ reflected back. If the 
frequency of the applied voltage and ths thicknsss of the disc are 
such that the reflected wave reinforces the next erpansion of the 
disc the fransducer is said to be operating in its rssonant 
conditiOB. This is ths aost efficient state of operation of such a 
transducer and is ussd when continuous wave operation is required. 
For ths fsrroelectrlc arntlonsd abovs a disc of 2 aa thicknsss will 
resonate at 1 MHs. 

Ultrasonic wavss penetrate the body according to the 
principles octllnsd above. The reflected wavss or echoes are picked 
up by electronic circuits, aapllfled and chanellcd to a coaputer for 
processing and analysis. The coaputer will proc^*;ce an laage of the 
tissue under investigation on a TV screen using un analytical 
technique called Fast Fourier Transform (rST) . The tlssusc can then 
be e:xaainsd layer by layer for details of abnoraalltlss such as 
tUMurs, abscessss, laflaaaatlon etc., depending on the depth of 
panetratlon of ths ultrasound. This provides a fa«t and relatively 
safs ^lagnottic tool without using Xrays or othsr lonlslnc radlUlon. 
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2. CLimCAL AFPLICATIOKS 

Vltruound tcta ••rvM aa • Mtbod of •xaaiDinc th« tf««p 
tlttiMt of th9 body hy atftaii of 2iifh fMqu^Dcy tound wtv«t. Ultrmfound 
vtVM bouBC* off th« tittuM tt vhicli th«y ar« alMd tt diffsnnt rttM 
•ccordiDg to th« dvniity of th« tittu«t. IHtns* ctrtiltg*, for •xA^>ltt, 
will r«flttct ttltrmfound wtVM tt • dlff«rrat rtt« to • loosely ptck^d 
fihrou* tittutt. This —n» ttatt body tittuot of diffsront d^ositiM 
c«a bo dltti&guitbod fros odo osotbor. 

Dltruound tcaiio art quick and aafo, havinf no offoct on tbo 
tiaauaa imdar iDvaatigation; acaaa art porforaod in boapital out-patitDt 
clinict, or in apodal controa. Tbt tound wavta aro'gtntrattd by a 
hand-btld piaiooltctrlc tranaductr wbieh ia plactd abovt tbo aroa to 
bo acauMd (Figuro 2>. TI»o tranaducor rocorda tbo ocho of tbo rofloctod 
aound vavoa, and rolaya thorn vo a cooputor. Tho ooaputor^ analyxoa tbo 
dlfforoDt ochooa, and dlaplaya an toago of tbo aroa oa a a croon. 
Initially tbo uao of ultraaound acano oaa confinod to tbo oxaaination 
of dtvtloping footuaoa, but now tbo tochniquo ia uaod aa an aid to tbo 
diagnoaia of diaordora in a nuabor of aroaa. 

2.1 Abdoainal Ultraaound 

This ia tbo ultraaound inveatigation of tiaauaa in tbo 
abdoaan. Tbo tochniquo aay bo uaod to guido a biopay naodle to the 
roquirod aito, or to aako a dotailod osaaination of organa auch aa 
tbo liver I pancroaa, kidnoya and gall bladder. T^e gall bladder 
abowa up particularly wall, and gallatonoa, if proaont, can often 
bo counted. An onlargoaont or oaa ting of tho organa can be detected 
aa can the preaence of aroaa of inflaaaation, cyata, tuaours or a 
blockage. For tbia purpose, a apecial ultraaound technique called 
B^u>de ultrMSonogrnphy ia uaod. 



2.2 Echocardiography 

Tbia ia an ultraaound acan of the heart which can be uaed 
to eatabliab the aixe and abape of the atria, ventriclea, valvei 
and the aorta. Recentlyi a modification of the technique haa made 
it posaible to obaerve the coapoaenta of the heart during the 
heartbeat. Tbia ia called renX^time echocAtdiography, obereby the 
ultraaound boaa ia directed at the heart in prociaely tiaed pulaea, 
up to 20 tisea a aecond. The roault ia aiailar to a aotion picture, 
in which a aoquence of fixed iaagea run together to give tbo 
iapreaaion of aoveaent. 

2.3 Obate trice k Gynaecology 

The ahdoaen ia a very convenient part of tho body for 
ultraaound acan aa there are no bony atructuroa to interfere by 
abaorbing tbo bODO. In early pregnancy it ia even poaaiblo to 
obaerve the aaaiotic aac within the utenia aa early aa five to 
aevan weeka by acanning Xi^ngitudi nelly through a full bladder which 
acta aa a v::Mring chaab^ir aa it diaplacoa the inteatinaa. Thi» 
enablea foetal abnoraalitios, auch aa plMcenta praeviM and bk*eech 
preaeutation, to bo detected. 




491 



•>.rf«».d \^ -utit*m»nt in obit.trlci »hlch can bi 

foctu. uid, If ..d. „p,urly durln» > crltlc.l p.rlod cin indlc.t. 
rt.th.r growth hM b-n r.t.rd.d by pl„c.nt.l InSuftle en« ol il 

iMt 10 wMk. of pr.p.a»cy appatri to b« ibout 0.17 cm p.r ...k' 

«.th.r ob«t.trlc ultrmtound !■ r«l.tl-/.ly ..fe for both 

J. . " ^' """"•ly »l»«n to .q«ctu>t .othT. 

•ttMdln, bo.plt.1 .nt-n.t.l cllnlci In Europ. imd OSA n. 

Proc^u« 1. U.0 u..d to rad..n..di. m.o J; 

--nioc.nt..i.. or . tub. into th. .o.b In tr««<*rvic*i aspiration. 
«M.A ^/'■■"•""ie*! MplMtlon 11 . r«c.ntly dav.lopid Mtbod 
«rlL * ^* P-MO^lnto th. .oab thrcu«h th. 

th. tub. 1. in th. rtdnlty of tbi pl.cntt, . ...n qnlntltv of 
fluid 1. .uck.d out. Thl. cont.ln.%.11. f;o- tSI fo.?u.^M?h 

j-f.«io"ifS'o:h.Td:^:i! -"'""^ ««^"- 

2.4 Pelvic Ultriiouod 

Th5i la tn ultPMOuad ■xulnatlOQ of th« oelvic 

^"1.%"":"!: ."'t*." ^»'""'"« ■"-"O- .«"?in1 th. .oTIid 
ov.rl.«, such ,2 fibroids or u ovarian cyst, or .v.n pelvic 
inflanaatory disease (PXD). pxo 1. often . I P'fvic 

or und.ct.ct.d ..xu.lly tl^AV,', Sl.^M.'/.'S^'^-^ono-'^j^.'l'''^ 

2.5 TreatVMt of iie£lor**a OlaeMe 

w c,tr. tbta deatroya bgarlnt; tbe bul« of ultPMound tr«at>«nt im 

^xp^iure. Tbe corv« tbet trfia..ita balance Inforattlon to th« hr.i« 
U dc.treyeC vltbout affecllBc bearing. to the brain 

2.0 Pai'^lnaoD*^ Dlceaiso 

•urroundln, tl..u.i.. Bow.v.,i. .tt.l «ure«? i, nece.i.ry p„t 

br.;i"^\:r 1. " «'ltrMou:d^" o 

va. brtln .ithouf th* .'tf»e tttinuttlon <b«t bon. product. 
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9. nauNcncKNT op t>c quality or hsalth-carc 



The ftdvcQt of ultrtJiouad hu rmndwC obaolct* ■ nusMr of 
tidtouj ••dical proc»4ur«a Tortaiainc to the datcctlon of gtll atonta, 
kitfaay atoaaa, fo«tal atAonuaitiaa* liver aad othar «bac«aa«s. 

LiT«r abacaaa and lallatonaa caa now ba quickly aad afficiantly 
itetactad uaiBC ultraaouad isataad of aubjactini tha patiant to tba 
tidaoua proe#dura of cholMngiogrMphfj . ?ba 1 attar ia ■ r^uioiraphie 
axaainatioa of th* hapatic, cyatic and bila ducta which- ia tiaually 
parforaad aftar aa oral or intravanotia ftdsiaiatratioa.of a radio-opaqua 
aubataaca* 

tiailArly ultraaouad haa aaablad kidnay atonaa to ba datactad 
without tha aaca'vaity of aa intravenous Pf^logrspht; which ia a radio* 
fraphic wiaualiaation of tha rwnal palvia, kidnaya aad tha uratar by 
iaJactiOB of a rAdio-opaqua liquid. 

Fo«tal abno/malitiaa can bow ba datactad aad foatal c^xnrth 
■onitorad with ultraaound which ara uahaard of pravioualy. In tho paat 
tha datactiofl of foatal abnorsalitiaa nacaaaltatad tha uaw of radio- 
graphic tachaiquaa, vis. X*ray, which nay prova dalatarioua to tha 
foatua. 



4. nUININC or PERSONNEL 



Uadical acianca haa traditionally baen tha axcluaiva domain of 
doctora and thoaa trainad in tha lifa aciancaa. Sinca tha aarly 60*a, 
hovavar, tha naad for phyaiciata and anfinaara to work aloagaida doctora 
and aadical paraonaal haa baan acknowladgad. Xn fact ainca tha aarly 
70*a Mdical acianca haa baan **infiltratad" by anginaara and phyaiciata 
working in tha paripharal but important araa of Biomedical Znginaaring. 
Tha latter diaciplise baa been reaponaible for the emergence of aew 
techaologlaa auch aa, Coaputerised Axial Tomography (CAT) Scan and 
Ni >*ar Magnetic Reaonance (NMA), all with the aole purpoae of 
ali aviating uaecaaaary aurgary and patient diacomfort leading to aa 
enhanced quality of health-care* 



Science and technology haa undeniably played a very important 
role in all the above developaenta and will continue to play un active 
role in future endeavoura in the yeara aliaad. 



At Univereiti Saina Malayaia, ultraaound ia taught aa part of 
the itadergraduate curriculum in the Schoola of Medical Science, 
Pharmaceutical Science aad Phyeical Sciencea. In the Medical School it 
ia taught at the final year imdergraduate curriculum aa part of the 
aubject of Gynaecology. Studaate in Pharmacy have aa opporttiaity of 
atudyine untraaouad ia a aubject called Sadiopharmac^ taught at the 
aacond year Ijval. Apart form ultraaotind thay are alao taught eoma 
haaic aapecte of CAT Seaa and NMR. The Jchool of Phyeica taa an area of 
apecialiaation called Biohhphyeica where etudenta are taught, among other 
aapecta, ultraaouad, CAT Scan, NMR aa well aa rudimenta of nuclear 
medicine aad health phyaice. 

Moet private (aad to eoma extent Oovernaeat-owaed) hoapitala 
Q have ultraaouad equipmaat aa well aa CAT Scaaaera which are mtjaged by 

^ 147 
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radiologist specially-trained to handle such equipment. The technicians 
employed in these areas are also given specialised training to handle the 
equipcient and interpret the data and insages. lUe training is often provided 
overseas by the equipment manufacturers. Almost anyone with a reasonably 
firm technical background (not necessarily a university graduate) can be 
trained to handle the equipment and interpret the images. 



5. CONCLUSION 



At sufficiently high intensities ultrasound has a destructive effect due 
to its absorption by tissues, r^erefore routine use of ultrasound for the 
frivolous aim of detennining the sex of the foetus is to be discouraged. 
Although no harmful effects of ultrasound have been reported so far, the 
possibility of long term deleterious effects must not yet be dismissed. 
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>f Vttlvrtlty gjfacttloatl Sytt— of BtlMtlt 



PtiMt^ •<uc«tlon b«flnt at ae« a«Y«n (Standard X) and tpaiu a 
parlod of tlx yaiura until tha cblld attalna tha age of 12 at whlcli 
%• will ba In Standard <S vlth on* Mjor axaalnatlon hald In Standard 
ft* 

Sacondary aducatlon baglna at a^a 13 (Pom X) and laata for anothar 
parlod of alx yaara «ith thr*a aajor azaalnatlona In batvaan: 

(1) Ttaa Lowar Cartlflcata of Education (LCS) .at ac« IS {Tom 3) 
(11) Tba Malayala Cartlflcata of Iducatloa at'aca 17 (Froa S) 



(Hi) Tha ll^ar Scbool Cartlflcata (H£C) at «(• X9 (Pom « Uppar) 

Studaata who XalX to »aha tha grada at tha LCI will ba ratralnad for 
anothar yaar to flva thas a aacond chanca. Otharvlaa ha aay opt to 
go to a vocational achool to acqulra aoaa trada ahllla. Similarly 
thoaa who fall tha MCE say ha (Ivan a aacond chanca, falllns which 
thay will ba dlaslaaad, or altarsatlvaly chanallad to vocational 



Thoaa with gpod paifomanca at tha UCE Laval say ba choaan to anroll 
In Vatrlculallon Claaaaa ovaraeaa or locally Inataad of continuing 
with Fora 6 which conalata of two yaara of furthar atudla#. 

Unlvaralty actranca la baaad on tha parfonunca at BSC or 
Matriculation. Thoaa who ara In Matriculation claaaaa ovaraaai will 
anroll in ovaraaaa unlvaraltlaa wblla thoae in local Matriculation 
Schoola (baiad at local unlvaraltlaa) will anroll In tha particular 
local UDlvaralty. Otharwlaa, tor anti-y Into local unlvaraltlaa, all 
candldataa will ba aaaaaaad baaad on thalr parfomanca in tha BSC 
Ezaal nation. 

For antry Into aclanca facultlaa candldataa ara axpactad to hava 
principal (Adva.aced Laval) paaaea In Pbyalca, Chaalatry, Biology 
and Mathaaatlca with a cradlt In Bahaaa Malayala (l.a. tha Kational 
Language) an tha MCE laVel. A pMC In the Engllah Language at MCE 
level la encouraged but not Mandatory. 

Tha Badlua of Inatnictlon froa the primary to the tertiary atage lo 
Bahaaa Malaysia (tha National Language). 

Aa explained previously, thia p*P«r fita Into the tertiary 
currlculua in Meclal Science, Ptzzmicy and Phyalce at the under* 
greduate level In Malayalan unlvereltlee. Ideally It would fit In 
the discipline of Blo»adlcal Englnaerlng/Bloenglneerlng/Blophyelce 
aa e major area of atudlee. Ae prerequieltee It would require eoae 
heciground In the optical propertlee of matarlala, anatoay and 
phyalology, aa well as aome clinical apprelcatlon of pathology. 
Thla eubject clearly deaanda a multl*dlalclplnary approach. 



and 



achoola. 
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Kducatioaai Quallflcatiou 



D«m«a_obHlB«d 



B.Kkc* (Vona) la Elactrlcal KagiDMriAg, ie74 
M.Kflg. la BloMdlcal KaglDMriDg, 1970 

Ugiloj— nt hUtory 

<i) KlMtrlcal MalDtMaac* KeglnMr, X974 - 1975 

Matioaal SlMtrldtr ioard of Malaya 

(11) AiaiatAnt Ucturcr, Faculty of 1975 ^ 1970 

Kl«ctrlcal IcclMsrlDg , 

Ualv«raltl Tak&oloffl Malayala, Kuala Luapur 

<111) Ucturar, Faculty of Klactrlcal EngiDaarlDg, 1978 - 1982 
Ualvaraltl Taknologl Malayala, Xuala Liiapur 

(iv) Ucturar, School of Applied Sdaacaa, 1982 - 1984 

Unlvaraltl tfalaa Malayala, Panaag 

Ucturar, School of EDgla^erlng 1904 • i9se 

SclMcaa t Xaduatrlal Tachnology 
Valvaraltl S.ilaa Malayala, Panang 

Ucturar, School of Xaduatrlal 1986 - preaaat 

Tachnology, Ualvaraltl Salaa Malay aia 

Paaang 
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Education "Challangaa in Saginaaring Education. - Towarda tha 
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THE IMPACT OF INFORMATION TECHNOLOGY ON SCIENCE AND 

TECHNOLOGY EDrCATION 
Bryan R* Qiapman (University of Leeds, Great Britain) 



Thtrt was one* a vehicle Banufacturer who set about laprovlng the range of 
vehicles hlB conpany produced. After soae tine his BAD teas case up with 
sose vary proalslng Ideas which If Inpleaented would give his firm the edge 
over all his conpetllors. The Ideas were laplenented quickly and greeit things 
were expected of the new product range. Unfortunately for this aanufacturer of 
horse drawn carriages the Introduction of the new range coincided wltl the 
developnent of the Internal coabustlon engine. The rest Is ^istary. 

The Informatics Technology typhoon - • revolution • Is too nlld a tern to f^pply 
to It - which Is now sweeping the globe Is changing the world In which we a A 
grew up out of all recognition. The questions this paper addresses concern the 
lapllcatlons of this typhoon for the future of science and technology education. 
And In this context It Is not today's pony and trap Information Technology 
capability that matters ; It is tomorrow's fourth and fifth generation parallel 
processing systems which we have to anticipate If we are to have any chance of 
getting that education right. As has beeu remarked In a somewhat different 
context:- *Tou ain't seen nothing yet". 

It Is not just the scale of change that poses problems for education; a quite 
new and un-nervlng factor Is the accelerating pace at which that change is 
taking place. Vhen the half life of a new development may well be less than the 
time a student spends In secondary and / or higher educatloni It Is not just the 
difficulty of trying to keep up to date that poses a problem for educators; It 
Is also the problem of knowing whether even the concept of an up-to-date school 
curriculum can be sustained. In the UK, for example, some extremely exciting 
curriculum developments have taken place In the field of Klcroelectronlc 
Technology. Educationally these nay have great value; In terms of their 
relevance to the employment prospects of the young people experiencing them, or 
to the economy, they may a\ best be an Irrelevance; at worst, an e:cerclse In 
deception. 

Faced with this dilemma educationalists are tending to fall Into OTie of two 
camps. The first of these Is what might be termed the 'eternal verities' camp 
Defeated by the problem of Heeplng up to date. Its members opt for education In 
'processes* and 'skills' wLlch are hypothesised to have some sort of timeless 
universal validity. The rhetoric of technology education Is particularly 
susceptible to this approach. Yet Is solving problems with micro-electronics 
really the same sort of activity as solving problems with string and sealing 
wax? The educational track record of transferable skills Is, after all, nothing 
to write home nbout and there seems little reason to stax^ believing In them 
now. Solving problems requires a knowledge base, not of the "Ve know where we 
can find Information upon It" kind but of tie "Ve know a subject ourselves" 
kind. Eric Sogers characterised this as requiring "savolr". 
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Th» othtr cup consists of thos« foollsli «nough to try to anticipate the future, 
and Bould sducatlcn accordingly. Sines the purpose of sducatlon has always been 
to prepars young peopla for thtlr future, this does not seem unreasonable, 
provided It is got right! But what does this future hold for the children 
entering school today? By the tlae aany of thaa leave they will have crossed 
the threshold of the next century, assualng,that Is, they survive that long! 

And that of course Is an assuaption. It is salutary to reaenber that aany of 
today's children will not be with us In 14 ysars tl»e. lo longer will this Just 
be a result of lnade(iuate diet, water supply, hialth care and sanitation. Unless 
and until soae way of defeating the AIDS virus Is found. It aay well becone 
endealc In coaaunltles too .poor to afford condoas. Beyond this, aany ol the 
wars being fought aroijnd the world today being fought by child consci'lpts 
whose chances of survival Into adulthood, either physically or psychologically 
whole, aust be ainiaal. And It would only be necessary for one of these 
conflicts to turn nuclear for the hypothesis of a nuclear winter to be put to 
Its ultiaate test. Even those youiig people who survive to the year 2000 aay 
find cliaactlc and envlronaental changes associated with the depletion of the 
ionosphere over the polar caps, the burning of fossil fuels and the destruction 
of tropical rain forests causes for concern. Even if the ecosystea survives 
aankind's assaults, there is still the ever present possibility - probability? - 
that the long threatened collapse of the world econonic order will occur. Should 
it do so it could have Just as devastating an effect on husanlty as any of the 
other potential catastrophles listed above. 

The apocalyptic pessiaisa - realisa? - of this last paragraph is, of course, 
lacoapatlble with that essentially optlnlstlc activity - education - with which 
this conference Is concerned. Education Isplles hope. It laplles a belief In a 
future. Vlthout such a belief, why educate? How aany young people have hope 
today? Vhat does t^'> future hold for thea If they are anywhere other than at 
the top of an econoalc pile? 

TBH TIPfTPgiTTOg TECCTTTTJI ST FITTTrgg. 

At two of the three previous lOSTE conferences I have raised the issue of the 
educational inpllcatlons of Inforaatlon Tt^hnology. It Is not just an Issue 
about harnessing the new technologies to the laproveaent of learning; It Is 
also, and aucL aore crucially, an issue about the very nature of education for 
the new kind of society which Inforaatlon Technology is creating today. It Is 
this latter Issue with which this pi.^>er Is predoalnantly concerned. 

Inforaatlon Technology is not new. Vith hindsight It would, perhaps, be aore 
appropriate v^o refer to what we are experiencing today as "InfoTech IV". 
■InfoTech I" occured when the Gutenberg Bibles were printed In 1456 . "Infotech 
11" was heralded It by the advent of radio and telephony and "InfoTech HI" by 
the Invention of television. Ea::h of these developments represents a quantum 
leap in the potential for access to infomatlon, and therefore to power. Vhat Is 
diffarent about today's IT is that it encapsulates not Just knowledge but also 
skill. This paper was prepared on a word processor. Ky waste piiper bin Is 
eapty - which is good news for trees - and no secretary has been involved - 
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whicli MAj ixat h€ such good news for htr/hln. I skill has been eUnlnated and a 
job put at risk. 

Vh»t are the lapllcaUons of IT for eaploynent? There are soae, the British 
Ptlse Ilnlster aaongst then, nho believe IT aeans Hore Jobs, albeit not in IT. 
Indeed many of the jobs that are currently being created in the developed 
aatione have three characteristics in coanon. They are non-tech, part-tlae and 
low-waged. The aajor growth area of econouic activity in the UK, other than 
Stock Xarket speculation, is care of the elderly. The prospects of an InfoTech 
laput into geriatric nursing do seem to be ainisal! 

In fact, the overwhelming opinion of thost concerned about the impact of IT on 
society is that It will lead to a reduction in the deaand for labour. History 
coabints with the predictions of such diverse bodies as the Science Policy 
Research Unit of the University of Sussex, the Club of Rome, the US Department 
of Coaaerce and the French govemaent's Departaent of Finance. All agree that 
the pattern of labour demands will ch&nge radically and that the net effect of 
all these changes will be a significant decline in demand by the beginning of 
the next century. One set of predictions for the UK is as follows < data In 
•OOOs):- 
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These figures derive from "Vorklng for Ulsure"; Earrle Sherman. Kethuen 1986. 
Slallar projections we being aade In nost other developed nations. The 
question of what caployaent lapact IT aay have In underdeveloped nations Is 
ritumed to later In this paper. 

Overall these projections are for a decrease In eaployaeat from 20. 9K In 1984 
to 19.7)1 by 1990, 18.1K by 1995 and 14.8K by 201O. Compound this with an 
Increase of i.4K In the nunber of people seeking work over this period and a 
very dlfflctjxt social, and therefore political, scenario begins to eaerge for the 
VX. over the next two decades. It should also be noted that, contrary to much 
popular wlsdoa, it is eaployaent In 'hi-tech* occupations that Is nost at risk. 
Thi projections for job losses In Industries with a substantial 'hi-tech* 
coaponent show a 35% decline iu eaployaent over this period coapared with a 
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projected 81 IncTMse In •aployatnt In ao-tecb* Industries. It Is not 
iBsedlately obvious froB this that education In science and technology Is 
relevant to the vocational education of any but a tiny nlnorlty of young people 
being educated for life In the twenty first century. In the UK careers In 
accountancy, business studies, and manageaent science are taking over from 
careers in science and technology as the first choice of aany of our aost able 
nuaerate young people. Soae aajor Industrial conpanles recruiting science and 
technology graduates are said to be selecting the best applicants for 
aanageaent training, the rest for research and developnent. It is snail wonder 
that, despite all the rhetoric of our politicians, university engineering, 
science and technology departaents are finding it Increasingly difficult to 
recruit young people onto their courses. The values of a capitalist society have 
been well and truly learnt over the last decade. 

In 1854 Herbert Spencer wrote:- 

'For direct se2f~pressrvatioo, or the naintenance of life and health, 
the all important knonledge is - Sciencs. For that indirect self' 
preservation which we call gaining a livelihood, the knowledge of 
greatest value is - Science. For the due discharge of parental 
functions, the proper guidance is to be found only in - Science. For 
that interpretation of national life* past and present, without which 
the citizen cannot rightly regulate his conduct, the indispensable key 
is ~ Science. Alive for the aoet perfect production and present 
enjoyaent of ttrt in all its forms, the needful pivpiu^tian is still - 
Science: and for the purposes of discipline - inteJJectuaJ, moral, 
religious - the most efficient study is, once more - ^bience." 

FmcATTnn TNTFr.LFr.WA7. wnpiT. Aim pnvsTCAi.. 

In the society we live In today that afflroatlon requires Just one soall change. 
It should now read as follows:- 

'For direct self-preservation, or the maintenance of life and health, 
the all important knowledge is - Finance. For that indirect self' 
preservation which we call gaining a livelihood, the knowledge of 
greatest value is - Finance. For the dut discharge of parental 
functions, the proper guidance is to be found only in - Finance. For 
that interpretation of national life, past and present, without which 
the citizen cannot rightly regulate his conduct, the indispensable key 
is - Finance, iliive for the most perfect production and present 
enjoyment of art in all its forms, the needful preparation is still - 
Finance: and for the purposes of discipline ' intellectual, moral, 
religious - the moet efficient study is, once more - Finance." 



Perhaps it was always thus! 

Xaynard Keyniis, as long ago as the 1930 *s, pointed out the deskllllng nature of 
technology. There Is nothing new In this. The industrial wastelands of today 
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h*vt atny historical prtcftd«nts. Ttchnologlcal change has always devastated 
traditional Industries and the co»munltle« dependant upon then. That. In the 
past, the developed world has been able to adapt to change Is. however, no 
coafort to those being affected today. The pace, scale and level of 
sophistication associated with Infcmatlon Technology change ma^es coaplacent 
extrapolation from past succjss In adaptation an exercise of very doubtful 
validity Indeed. Are we going to be able to absorb the consequences of 
techno? ogle*? advance without rethinking the nature of society In very 
funda«ental ways? ITethods of production which reduce the deaand for labour to 
levels unthlnkabls just a generation ago play havoc with so aany of our long 
held assuaptlons about aanufacturlng. Vhat new jobs are going to emerge? Vlll 
they be technologic '.? How many professional occupations are already at risk 
fro* the development of 'expert systems' and will eventually be so as 'fifth 
generation coajuters come on line? Sven If such systems only achieve a fraction 
of what Is promised the future for society as we know It must be bleak Indeed. 

Today's young people would face a competitive situation even without the advent 
of Information Technolo<?y. Whether It simply exacerbates an existing situation 
or creates a fundamentally new scenario for employment Is the real question. 
Does the encapsulating of human Intelligence, let alone 'artificial 
Intslllgence'. on a chip change the ground rules In such a way as to create a 
new global tconomlc game with which neither traditional capitalism or 
communism can cope? In the Information Technology society In which young 
people are growing up today we should at least be alert to this possibility. 
Extrapolation has, after all. always been the least scientific of scientific 
processes when applied to the sciences themselves, let alone society! 

Consider, for excnple, the multl- national company of the future, which In great 
measure exists today. Using Its own satellite links It moves money around 
the world taking full advantage of fluctuating exchange rates to maximise 
shareholders profits. In doing this It Increasingly relies on computers rather 
than market analysts to make decisions for It. These same satellite Unks are 
available for global managerial and executive video-conferencing and for the 
remote operation of Computer Aided Kanufacturlng systems placed strategically 
around the world for the benefit of the company.As the standard of automation 
and software engineering becomes ever more sophisticated, the need for 
scientific and technological competent manpower for anything other than on-site 
maintenance reduces still further. Kaklng the product becomes trivial; marketing 
it becomes the key. Ve would do well to remember this and ponder on its 
implications for the future of science and technology education in the future. 
Have we, in fact, come to the eud of the road? 

There is, of course, another IT scenario. Individuals make use of the new 
technologies in a whole range of home-based 'cottage industries' provide 
services for the comaunities in which are based; jobs are created as a result 
of these initiatives and communities flourish as a result of the application of 
the -new technologies. This is an appealing and romantic scenario. It is also, I 
have to say, a naivft one. Small may be beautiful; in the real world of IT it is 
the big that survive. Ve may believo it to be desirable; it requires a 
fundamental change in the economic, and therefore political, order to achieve it. 
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nWWTITTng TSCHim/r.Y m Tin? tbtpt, mtlXL 

Tht Brtndt Coaalsslon's findings laid great stress on global Interdependence In 
rwBOVlng soae of the aore gross Inequalities between developed and 
underdeveloped nations. Exactly how the developaents In the field of IT will 
assist m this is unclear. Vhat Is clear is that d3velopnents In underdeveloped 
couatrlet? are contingent on economic and political subservience to those who 
own and '-^ntrol TT. Thus in the past low labour costs were a considerable 
inducoent to maoufacturlng Industries to build plants In the less developed 
world. The capital Intensive nature of autonated industrial plant ic already 
negating this advantage and will continue to do so. Advantageous tax 
arrangements are the new inducement. In contrast to this advances In the field 
of telecommunications are encouraging multinational companies to export routine 
clerical activities to low wage economies. After all why pay a clerk S200 a 
week In one country when another somewhere else will work for SSC Soon 
however why pay even that If the whole process can be automated anyhow? 
Clearly the economic consequences of IT are potentially catastrophic for many 
groups within society who only have their labour, be It physical or 
intellectual, to sell. That this state of affairs ought, logically, to have a 
destabilising effect on the existing economic order Is obvious; whether It will 
do so seems less likely . Overall population growth - It Is estimated that the 
Third Vorld nseds over 500K new Jobs before the turn of the century - ixjses a 
far greater challenge. 

Despite all this It Is clear that the potential of IT to dramatically Improve 
thir quality of life of those living In the Third Vorld Is great. Global 
surveillance by satellite provides Information about developing weather 
patterns, plant growth and diseases which must have potential value for any 
rural economy, provided It has access to that Information. Satellite links 
and/or cheap microcomputer systems have enormous potential In fields such as 
education, basic health care and farming. The Incorporation of skills Into 
equipment could also be supportive of Industrial development. levertbeless all 
of this must be viewed against a background In which the gap between rich and 
poor nations Is being exacerbated as a direct result of IT developments. This 
should surprise no one. It Is the logical consequence of the competitive rather 
than cooperative economic system In which we operate. Ve have the science and 
technology necessary to make the world a better place. Vhat we do not have Is 
the politics. 



SCISICR AID TBrffmTJTr.Y t ^nrATTfTT 

Science and Technology Educators are. by and large, great enthusiasts. All they 
want to do Is to teach good science and technology In ways which enthuse and 
educate their students. Yet of their students who go on to be scientist- or 
technologists something like 40X will be engaged in nllltary research and 
development. About 400K of the world's best qualified physicists and engineers 
are Involved In this work, most In the faeld of military electronics. Those who 
attend conferences like this need to reflect on this. Ihe rhetoric of science 
and technology education very rarely reflecte on the use to which it is put. 
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Sdiool tMhxkologlcal proltct« oft«n harsess the idtallsr. of youag people to do 
•oattblng for such groups as the disabled and lUsadvantaged. Should this 
iMplre thea to go on with technology one has to say the likelihood that they 
will be sble to develop their talents In elallar huaane directions Is reaote. 
The reality of the adult world la that they are far aore likely to be eaployed 
m IncTMslag the potential of aanklnd to create disability than to cure or 
alleviate it. And evta In non-allltary activities they will be expected to 
•ngage In activities concerned aore with coapetltlon and profit than with 
aervlce to the coaaunlty. For every technologist engaged In a genuinely socially 
useful activity, how aany are engaged In an activity of nlnd boggling 
triviality? Of what use to anyone, except the share holders of the 
■ultinatlonal coapany concerned, is striped toothpaste? 

In ell of this J aa of course ref^lng aalnly to the .-ay we #iiploy our 
sclentlata and tecLiiologlsts In the developed world. Is the 7LLd Vorld any 
different, especially when so auch of Its econoay Is controlled by 
aultlnatlcnals whose sole reason for existing is shareholders profit? Added to 
this of course aust be the problea of retaining technological talent. Alaost all 
countries in the world now experience a brain drain of their aore talented 
young scientists and technologists. The rewards offered by the USA, Japan and 
by aultinational coapanies .are Just as irresistiblo to scientists and 
technologists as are those offered to soccer players by Spain and Italy. Given 
this it should coae as no surprise that the gaps between rich and poor, haves 
and haves not, are actually being exacerbated by the new technologies rather 
than reduced as they undoubtedly could be. As the Bible puts it soaewhere:- "To 
hla that hath shall b^ given; froa hia that hath not shall be taken away even 
that which he hath." 

All of us attending this conference are products of econonlc, social and 
political systeas which have been moulded by the Industrial Eevolution, what 
Alvin Toffler conceives of as having been the "^ond Vave" of change to have 
swept the globe, the "First Vave" having heen the Agrarian revolution. It is his 
"Third Vave" of change - the Inforaation Technology Eevolution - with which we 
have to coae to terns. It will not be easy. As Toffler hiaself puts it:- 



'A 2>eK civilisation is esersios io ovr Jives and blind aea 
everywhere are trying to suppress it. This aev civilisation brings 
with it new family styles; changed ways of work ng, loving and Jiving; 
a new economy; new poJiticaJ confJictsf and beyond aJJ this an 
aJtered consciousness as weJJ, Pieces of this new civiJisatiou exist 
today. XiJJions are aJrcady attuning their Jives -io the rhythms of 
toaorrow. Others, terrified of the future, are engaged in a desperate 
fijtiJe fJight into the past and are trying to restore the dying worJd 
that gave thea birth" 

The Thirty yAtfA ff r-^fri; IQM . 
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P«rh«p« thft political nove to the right which so aany societies have 
•xperlenced over the last decade or bo 1b but one expression of this terror. 
Faced with the prospect of change It really Is not surprising that we look, 
through rose coloured spectacles, to a past that never was to plan a fu'cure that 
will never be. Ve are all Luddites when it comes to our own particular skills. 
Yet the skills of the professionals - lawyers, accountants, doctors, teachers et 
al - are at least as auch at risk as those of the lathe operators and office 
clerks whcr-e dlsplacenent we have been observing with none complacency. lew 
Technology does not Just allow boring dirty jobs to be ellnlnated; it also has 
the potential to remove interesting ones. As the economist Hazel Henderson has 
observed:- 

•^ince the aicroprocessor has finally repealed the labour theory of 
value, there is really no possibility of aaistaihing the fiction that 
huaan beings can be paid in teras of their eaployaent. The link 
between Jobs and income has been broken," 

The implications of this truth for any society, and thus for education for life 
in that society are profound. In 1981 . the Department of Education and Science 
published a definitive pamphlet on "The School Curriculum". Its opening 
paragraph reads as follows:- 

"Since school education prepares the child for adult life, the way in 
which the school helps her/him to develop her/his potcntifl must also 
be related to her/his subsequent needs and responsibiUtJes as an 
active aeaber of our society. Parents, eaployers and the public 
rightly expect the school curriculua to pay proper regard to what the 
pupils will want and be called upon to do. It helps neither the 
children, nor the nation, if the schools do not prepare thea for the 
realities of the adult world." 

It is impossible to quarrel with such a statement until one comes to the $64 
question embedded in the last sentence:- what are these realities likely to be? 

Technological advance should be profoundly changing our view of work. Ve should 
accept this fact and act upon it. For a whole range of activities we no longer 
require either muscle or brain power. Yet In our schools and colleges we benoon 
declining standards and do all we can to Increase the scientific and 
technoloilcal components of our curriculua. In the UK we are so determined to 
go down this particular educational cul-de-sac that not only are we abandoning 
our traditional freedoms and forcing all pupils to spend 20% of their time 
studying the sciences, we are also insisting they study technology. It is really 
a suprMe irony that Just as a technology becomes available to allow us to 
cater for the individual Interests and aspirations of young people we decide to 
force feed them almost Identical menus. Hor is this all. It is also proposed 
that their ability to digest this menu be formally tested four times as they 
pass through the schools, at the ages of 7. 11. U and 16. In order to ensure 
they, and their teachers, confona to govermentally determined goals for the 
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should bt bttttr r«vArd*d thas ftsot^itr**. Perhaps tvcryont should havt the sane 
share of a nations wealth. Irrespective of their ability. After all what Is 
ability other than a fortuitous Intertwining of DIA molecules? Perhaps those 
whose DIA aolecules intertwined less fortuitously ought In fact to have a 
larger share of a nation's wealth to coxBpensate for being disadvantaged but * 
perhaps that is talcing egalltarlanlsn too far....? 

Of course in the rsal world neither of the extremes portrayed above could be 
susUlned for long. Any stable systen has to have within It an eleaent of 
negative feedback If It Is not to experience a catastrophic breakdown. The rich 
do have to give Just enough to the poor; egalitarians do have to recognise that 
the able need Incentives if they are to produce the goods. But once their skills 
have been encapsulated on a chip who needs the experts? 

The fact aus't be faced that aost young people will not need either scientific 
or technological knowledge and skills to operate effectively In the work place 
of the future. Vhat knowledge aod skills they do need are In any case far acre 
appropriately provided by eaploycrs than by schools. Beyond this the school 
curriculum should reflect the declining Inportance of work in all our lifes. It 
Is how we educate young people to ui;e their tine not at »7ork that aust be the 
key to education for the Infomrtlon Technology society of the future. If work 
only takes up 5 hours a day. 4 cays a week for tight aonths of the year then 
bow do we prepare ycung people to use that aajor part of their tlae not 
constrained by work? Vhat facilities will be available to then during that 
tlae? Instead of succuablng to the ayoplc vision of those who advocate a return 
to a past that never was to create a future tbat will never be we noed to 
liberate the curriculum to take advantage of the opportunities created by the 
new technologies to treat young people as i&divlduals not as eaploynent fodder. 
This aeans. this aust aean. a diverse currlculua net a coaaon one. Young people 
will study not what soae puritanical paternalist thinks they should study but 
what they actually want to study. If that Is Art and Dance and Xuslc rather 
than Xaths and Science and Technology then so be It. And If their Interests are 
sporting why not three days a week U the Sports Hall rather than at the desk? 
Surely this would offer th&a & auch better preparation for the realities ci 
adult life than the coap-Jlsory study of a foreign language could ever do? 

It Is clear froa all that has gone before that I believe present trends In the 
currlculua to be profoundly alstaken. Inforaatlon Technology actually reduces 
the need for education In science and technology. Ve are getting It wrong. 



Getting It right will undoubtedly require Inaginatlon. Others have pointed the 
way and this paper concludes with quotations froa two of then. The first are 
taken froa ^ prophetic essay written soae 50 years ago; the second froa a 
speech delivered by a reverred elder statesaan soae three years before he died. 
Xore than anything that Is being said by today's politicians they saw the 
lapllcatlons and opportunities created by technollcal progress. 
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yhim tar 1 ^int ti»e ciAce his enatioo man will be faced with 
ai9 real, him permanent problea - how to use his freedom from 
premmiDg economic cares, how to occupy .tie leisure which science and 
compound interest will have won for him to live wisely and aftreeablv 
and well, 

The strenuous puposefUl money-makers m.ny carry all of us along with 
them iAto the lap of economic abundance. But it will be those 
peoples, who can keep alive, and cultivate to a fuller perfection the 
«rt of life itself and do not sell themselves for tho means of life, 
who will b9 able to enjoy the abv*3donce whea it comes. 
Tet there is no country and no people whJ^ can look forward to ttie 
<J» of leisure find of abundance without a dread. It is a fcsrful 
problem far 'the ordinary persou, with no special talents to occupy 
himself. ^"^ 

For ma^iy agts to come t^^j old Adam will be so strong that everybody 
will need to do saut work if he is to be contented. Ve shall do more 
things for ourselves than is usual with the r:ch today, only too glad 
to have small duties and tasks and routines. But beyond this, we 
shall spread the bread thin on the butter - to make what work there 
is still to be done to be as widely shared as possible. Three hour 
shifts or a fifteen- f^our week may put off the problea for a great 
while • ° 

K a Vnard KfYT^P^i: FhRAV nn t^nr^n7*in p rcwTvy;tfi for ny grwnH^K^^r^^,.^) , 



'The answer surely should be that the machine should work and the 
man should have leisure, ¥hat we want is to have four six-hour 
shifts and the machine to work all day long and all night long. It is 
that kind of thing wc have to face: a completely new concept. 
I foresee that in ten or fift^n years time we shall never use the 
^ford 'unemployment*. Ve shall refir to the proper use of leisure and 
how to deploy a, ye shall wish to ensure that this new leisure which 
man at last will be able to enjoy is properly used for his mind and 
education, for sport and other leisure purposes. All kinds of old 
beliefs on all sides will have to go by the board, many old speeches 
will have^ to be torn up, and many old attitudes will have to be 
changed, we must approach the problem with au open mind. But if we 
are to achieve the intellectual revolution which is involved, we shall 
need also a kind of moral and spiritual revolu'tion." 

Bryan S Chapaan. 10: 04: 87 
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AN EVALUATION PARADIGM FOR SUPERVISED INDUSTRIAL- WORK 
EXPERIENCE IN TECHNOLOGY EDUCATION 



Introduction 



In Nigeria, technology cdiioation 'ogpanB have hem desigr>ed to 
Inculcate in the yauths the profest»ional and mental aoquirenents 
required of good quality technical laaj^jower in industries, 
tachnical colleaes and research institutions. lhus» intensive 
practical work in industxy, urtaally c/xUed the Si?)erYi9ed Indus- 
trdal-iprk Eiqscrienoe Schene (SIMCS) , and dassrocm i jistx^jctjon 
enxdd^ with pcmctioal woric have bwjooe the salient ooraponents 
of the pxognoas. A aajor goal of this educational preparation 
is to produce the new generation of technical persomd v^se 
distiiictive attributes shotad be confidence, self-reliance, 
and preparedness to set-up themselves in viable snail businesses. 
Because the SIV2ES is go hi^y regatrded as a vital continuation 
of the students' studies, ctxidents' perfonnance therein should 
be effectively evaluated. 

Ihe need for such evaluation is based on the desirability 
to reflect the ?:j?xartance of SIWES in the tedinology education 
programs, especially as it substantially contributes to the 
find diploma grade. Moreover, when students knot* that the 
SIWES contributes to the graduation xequirement, they are 
irapt liJcely to chow keen interest and occiiiitacnt in learning 
the concepts and tedmique that determine reasonably gDod 
p)er f onxance • 

In technology education prograns, the tasks perfonned by 
students in practical woik should nomally be Oerived from 
the concepts taught in the theoretical courses (see Evans £ 
Heir, 1979; Stadt £ Goodi, 1977). Nevertheless, reported 
researches indicate low correlations between students' perfox*- 
cance in the theoretical work and their perfomance in the 
practical work. For exanple, Stniit C19M7) found that workshop 
perfotiiance grades correlated fiocm ■H).35 with written test 
grades. Additionally, xtiexi Abouseif and Lee Q965) oorrelated 
the results of f^cne different pE«ctical tests on the same 
subject matter with those of written (theory) tests, the 
value of the oorrelAtions were ■H).M2 for the first test, -0.16 
for the second test, and -fClS for the third test. 

The low correlation 6bt2uned from the fore^ing studies could 
probably, arise fxxtn either substantial variations betv)een the 
subjectHiattcr content of the practical work and that of the 
theory work or fron: the use of poorly developed evaluation 
parvidigjn in estijiating students* perfomance. A closer investi- 
gation of the studies reveals that the evaluation par>adi®TS 
used did not capture the salient criteria for performance 
estiiration in practical work. Although it has been noted that 
one of the strategics for in^aoving the quality of the correla- 
tion between students' perfomance 
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in SIMCS and their perfanoance in clASSzxxni instniction is to 
ensure that the contents of the work schedule used in SIWBS are 
derived fixm the subjectHnatter ol* the classroan instnxrtion 
(see Eze* 1981;) there is the need to estahlidi whether ijiproved 
SIUC5 €\nluation paradi^a oould «nh9noe the quality of the 
correlation. Thus the putpose of this i^per is to present an 
effective evaluation pooradi^ and henoe detenzdne the subsequent 
ia{>act cn the oorrelstion between students* peoibnQances in SIWCS 
and in classTDon instzuction. 

THE VfADJKrm 'PARADIGM 

In StVCSy there are three aajcr a^itcrs - the students, ti)e 
acadecdc staff and the industrial siqxrvdaor - \iho influence 
events. B ec a u se of their key roles, the contribution(s) of 
each in the SIWES evaluation outocne is extresely iisportant* 
Specifically, the contx^hution of -die student in the SIWES 
evaluation is essential fraa the point of view of self-^aluati^.i 
(see H^use, 1980) whidi according to Sta}ces (1975) and Scriven 
(1981) is the best farm of evaluation. 

The acadesdc staff and the industx/jl persocmtl Ux> vjork with 
the students and Supervise the sche?'^ ensure the students 
received \^iuble exposure in industry. The supervision Uiich 
is an essential elenent of the SIWES guarantees -;hat the 
students recei\« proper exposure to functicnal pc^ical work 
ill industzy. In order to assist the students adjust esisily 
and settle down to the work situation in industry, they are 
usually posted to tiie relevant industries in the cities viiere 
tiiey could secure aooocDodation. 

lb evaluate the students* perfomm^ce in the £3KES therefore^ 
performance scor^ are measured by a cccbination of the scores 
from the follouing three sources; 

1. The fis'sessment by the aoadecdc staff 

2. The assessncnt by the indostry-bftsed S'jpervisor 

3. The students* tedmical report. 

The infcomtion banks (fbms) for the first and second 
assessment cxdteriA aidkninistered on a sanple of students 
Bimnnr in anatVnrfc background to the technology education 
students provided th^ test-retest reliability coefficient of 
•10.82 and '♦0.85 respectively. 
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Fig. 1: STVSS PERFMWNCE ASSESSMElir EY ACADQUC STAIT 



Nane of Student Index fh/Year. 

Msme and Address of Industxy , 



Mote: Please nsOce (x) in the spaoe that best desczdbes of your 
assessment of the strident in the pei X iaTi m re criteria 
listed below. 

SIUDDir PERRBHANCE SCORE; SEWES/OOl/ASAT 



Perfonnanoe 
Qrdteria ' 


5 

SfrfiHent 


Very 
Good 


3. 
Good 


2 . 
Pair 


1 

Poor 


0 

Not 

Assessed 


Ability to 
leam 














wltii Industrial 
Operations 














Creativity 














Originality 














Perserverance 














Judgement 
Ability 














Quality of 














Relevance of 
work 














>^Lnual 
Dexterity 














Discipline at 
work 















Ibtal Soore 

Signature of Asadeniic S*aff 

Name of Academic Staff i [Capitals) 
Designation Date 



When the academic staff visit the students once every mcnth at 
-Oie various industrial locations for the purpose of evaltiating 
the SIWES, they carry the Academic Staff Assessment Fonns (see 
Fig.l) viiich contain selected and predetenained 10-item ocoipa- 
tional skills vhich the students are expected to exhibit at the 
work place. The staff assess the students* perfonnance at 
woi-k, the effectiveness of the scheme and the adequacy of the 
training facilities. Ihus the staff scruitnize'the students* 
log books, in viiidi the students record with diagrams the vrark 
done ctdly in industxy, examine the work already done and the 
wcrk in pixjgr^ss, and finally provide the assessment of each 
student's perfonnance on the fonn. The foxro viiich is designed 
on a 5-pcint scale (Excellent, A = S) provides that the most able 
student(s) could obtain a laaxinun of 50-points during each visit. 
At the end of the visits, the mean of the points earned by each 
student is calculated to detemdne the Acadgmic Staff Assesgnent 
soore for each particular student. 
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Fig.2: SIHES PSTORHftNCE /^SESSMEWT IKDUSTRIAL SUPERVISOR 

Nans and Address of Industry 

teme of Student Index No/Year 

Please jtexk (x) in the space' which best describes your 
assessnent of the student in the perfoxtoance'criterda 
listed below- 



BerfQnzpnce 


5 

M'*^^ T aiaTlJ III 


H 

Very 
Good 


3 

Good 


2 

Fair 


1 


0 

Hat 


Ke2ations wi'iii ^ 
osiers ' 














i^plicatijon of 
desirable attitude 
to v3ork 














Dependability 














Ability to 
achieve 














Industry: lard 
work 














Team-woric 














Observance of 
safety 














Obedience to 
Ihstriiction 














Rmctualf.ty 














Regularity of 
Attendance 















Total score: 

Signature of Industrial staff 
Name of 3&TStrial Staff (Capitals) 
Designation Dite: • 



On their part, the industrial^based siQ>ervisoi's v£)o usually 
waric with the students in industry assess monthly th«ir perfor- 
nance on the job using the Industry's Assesanant Ton as. Ihe 
fonas (see Fig.2) contain another set of srlected 10-point 
oocu|)aticinal skills (designed en a 5-point scale) such that the 
most able student(s) ooiild obtain 50-points dming each assessinent* 
tThe mean of all the scores for each studer.t is cccoputed to obtain 
the Industry's Assesanent Score for thi particular student* 
AaditioiaP.y, each student writes and suhnits a concise technical 
report viudi suranarises all the technical experiences (as deve- 
3oped from the contents of the log book) in industry. Ihe 
. technical report is scored on one«4rJndred (100) points v*»en 
using the naridn^ guide designed to assess specific occupational 
informtion requIraJ in the report. 
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AH the assessment instrtnents \3scd in this investigation 
have been designed by the authar of -diis p25)er. 

As is lisual in all the subject natter courses taken in technDlogy 
c ducaat ion ptpgrang, the p er f uw a >ge soorcs for the S^MES is 
n^ported in percentages and is oonput-id as follows; 

(0 5 X ) SIWES 



100 lAcadsmic staff J ♦ 



0,25 X 
Industry's] 
assessoent; 

8CCB?e 



CKeport score) 



nanoe 
soore 



In assessing the students' perforaance in SXMES, the research 
int^?e5t is to find out hew nuch proctioal/technioal inf orcaticn 
and ooaqational skija the student have been able to internalize. 
Naturalistic observations of -Gjcir woo* habits durdi^ industrial 
visits and the consequent supervision of assigned projects nay 
not expose as nuch of that as tlie technical report. For this 
reason, the technical r e p a i n t is weighed nnre tlan each of the 
other two txii p jimils of the SIHCS perfonnance score. Ihe same 
cocqxitatiDnal operation for obtaining the SIWES perfomBncc is 
repeated nonthly for the duration of the SIWES, and finally the 
overall SIV2ES perfoinancse soore is obtained by confuting the 
mean of all the 5IWES perfonnanccr scores. 

Table I: FEftRSON CORREUTiaN CO ET FICIEWr OF THE SESSIONAL 

EXAM. SCORES WtW SlfeT Tj ^RFOt^MftNC^ gg^R g" 

fbr 1977-1980 





SIWES 1 


. SIKES 2 


SESS 1 


SESS 2 


SIWES 2 


0.1802 








SESS 1 


0.1(458 


0.1780 






SESS 2 


0.2101 


0.1821 


0.7596* 




SESS 3 


0.1582 


0.0688 ' 


0.7980* 


0.7737* 



* P>.01; df = 58 
Table XL: PEftRSON CORRELATION COEFnCIEMr OF THE SESSICKAL 

1982-85 





SIWES 1 


SIWES 2 


'SESS 1 


SESS 2 


SIWES 2 


0.5710* 








SESS 1 


0.14525* 


0.5821* 






SESS 2 


0.6103* 


0.57141* 


0.7621* 




SESS 3 


0.5462* 


0.3801* 


0.B090* 


0.7721* 



* P > .01; df = 58 
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Table ni: O0MHARI90N OF SIWES PSTOPHANCE SPORES 





>EAN SCORS ' 


■■HEftN'SCC»E - 


t 


SIWCS.1 


66,65 
•Std.Dev.-8:39 


. 69.98 
•■■Std.Dev:=i7.89 


.2.29* 


SIHES 2 


69.89 
Std.Dev;=6;36 • 


"Std.'Dev.*=5;86 


*5.97* 


t 


....2.i*7* .... . 


. ':2.63* . . 





* P>-0.05; df = 122 



• AmjCfiTION 'Am 'ANftLYSIS 
3&1 a previous study (Ezc, 1S85), 6U students ^ orolled at 
w«ra CoUegB of Tedmology, Ilorin, Nigeria between 1977-1980 
an a thr^e-year technician engineering program, in which SIWES was 
an antergral part of the learmng experience, were escposed to 
^^KS and their perfonaance was evaluated. Ihe resulting SIWES 
perfomance sosor^s were cotrelated with the perfonnance scorer 
ra^aaned in the corresponding sessioral exanunatiosis of theory 
W3r9c. The Pearson Oorrelatian Coefficients obtained were low 
(seeTteble I). Rirther investigations revealed that sane salient 
perfonnance criteria were inadvertently ocdtted fran the perfor- 
mance determination instruaents. 

In the present stud|y, a new evtMuation paradigm in vhich the 
performance deterrnination instriniEnts have been in^jzwed (by 
including the perfoniBnce criteria hitherto adtted) was used to 
evaluate the SIWES performance of 60 tednician engineering 
students who satisfied the saine atinission requirenents as the 
previous students. They were enrolled in the programs of the 
same stihool between 1982-1985. The SIWES perfomance scores thus 
obtained were ooiTelated with the oorrespondirg sessioncd exami- 
nation scores to obtain thsi Pearson Correlation Coefficients shown 
on Table II. These were found to be higher in value, and are 
statistically significant at .01 alpha level. Thus students vdw 
performed well in the sessional cjaminations are more likely to 
perform well in the SIWES. 

When the means of -ttie SIWES perfbrmEince for the previous and 
the present study ware ccn5)ared using a t-test at .05 ali^ level. 
It \jas found that the SIWES performance scores are better \^ 
the ijnproved evaluation pmvilign is used. (See TW)leIII) 

It should be rated that SIHES promotes the acquisition of skill, 
knowledge and desirable attitude to work: SSdU will enhance 
individual job satisfaction, quality of work and over^ per- 
farroance. Through knowledge individuals gain more nastery of the 
concepts of the wcorfcwor^d. Desirable attitudes ensures that the 
graduates will relate more appropriately to other workers and use 
materials and equipnent mere prudently. These create good mental 
hygiene liiich could optimize the good quality of life. We can 
therefore propose that SIVES could inprove and ehhai^e the quality 
of life. ^ 
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The iinwrtance of SIVES in eiteiciiig the perfomance of tedmology 
edicotion stude n t s in the sessicnal examination and hence na}dng 
then beocme better txained graduates should be noted and encx>ur3ged. 
Since better trained graduates are jnore Hkely to do good job in 
-Gieir voric plaoe, by beix« voce able to practice What they have 
Icamt, SIWES is li3cely to ertance the job pcrfonnance and labou r 
prodoctivity. In other W3rds, more gxds and services are more 
likely to be ptoduced l>y technology eduoation graduates v4io have 
been exposed to SIWES. W^n more gcxxis and services are available, 
the quality of life will be isiroved. 
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EDUCATIONAL SYSTEM IN NIGERIA 

Majority of Nigerian children usually start the 6-year 
primary school at 5 and graduate about 10 or 11. Through 
com^ietitive entrance examination, the most intellectually 
able children are admitted into the 3-year jenior secondary 
school, acd later the 3-year senior secondary school where 
the children study the arts, science and technical subjects. 
Students who are university-bound usually continue their 
education at the senior secondary school while those who are 
not 9 bifurcate to the vocational technical s ^ools where they 
concentrate in learning practical skills. Students are 
selectively channelled into courses on the basis of their 
aptitude and care^^r inclinations. At the end of the senior 
secondary school , students sit for the West African Exami- 
nation Certificate in eight subjects. 3Macement at the 
University, other tertiary institutions or jobs in Nigeria 
requires that students must pass <at credit level) C subjects 
relevant to the specific circumstance. University admission 
is through a competitive centrally organise examination of 
both the essay type and objective tests. 

This paper is designed to assist Nigeria in re-shaping 
the programs in t&Kihnology education so that such programs 
could be more useful to the society, which needs the produc- 
tion of goods and services. It is estimated thut developing 
countries will find the paper useful, in developing their 
patterns of technology education. 
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INTROOUCTIOH 

Technological change, which involves both products and processes 
and the manner in which work is performed (Stranks, 1983), has 
become a part of the community language creating debate at social, 
political and industrial levels ♦ These changes in technology, and 
the subsequent new technical skills required within the economy and 
workforce, impinge upon the courses offered by the various 
educational aithorities (Sungailo, 1983; Hull & Pedrotti, 1983) • 
Changes in technology are of particular importance to the Technical 
and Further Education (TAFE) sphere of post-secondary technical 
education in Australia which is largely concerned with the 
preparation of technically oriented and skilled people ( Caro, 1984; 
Tognolini, 1984; Whitehead, 1983). This is especially so in recent 
years when there has been an increasing awauness of the influence 
that new technology is having on the social and economic aspects of 
Australian society (Jones, 1982) ♦ As highlighted earlier by 
Toffler (1973), technological growth introduces new knowledge and 
processes to society at an unprecedented rate* However, despite 
considerable debate relating to the introduction of new technology 
into TAFE courses, the actual or perceived effects of new technology 
on technical teaching in Australia has received little attention* 
this paper describes the perceived impact of technological change 
on professional activities of teaching staff in one TAFE college in 
South Australia* Further details are repo-^ted in Tippett and 
Treagust (1987). 



The study rfas conducted among teaching staff at a large TAFE college 
in South Australia and data were obtained by questionnaires and 
interviews* A total of 180 questionnaires were distributed with a 
response rate of 68%, while 20 individual interviews were conducted 
with teaching and administrative staff* Interview transcripts were 
compared with questionnaire responses to improve validity and 
reliability of the teachers* perception on six aspects of the 
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i^'rlvJp!^^?" °f P?^^°l°8y into TAKE which were identified from 
a^revlew of related literature (Tippett. 1985). These six aspects 

1. The effect of technological change on TAPE prcsranmes. 

ine influence of changes in technology on the curriculum and 

syllabus available to teachers. 
3. The effect of changes in technology on teachers' level of 

technical expertise. 

^» ^he influence of technological change on teacher's relationship 
with industry. *^ 

^* facilities ^^^^^^ technology on the adequacy of teaching 

^* Slr^"^""^ technological change on students' expectations of 
TAFE Courses. 

d^f far^^M''i?""°^%^ comprised items with both Likert and semantic 
differential scales and descriptive statistics were obtained for 

instrumpn? A ^ "^^""8 to the construction of the 

instrument and data analyses are reported by Tippett (1985). This 
paper discusses results from the Likert items and the interviews 
under the six aspects described above. 

ANALYSIS OF RESPONSES 

1. TTie effect of technological change on TAFE programmes . 

J^nop'"of%A^''^'"'"°^°^^"^ $''°"8e was perceived to vary across the 
/'"ff'T": ^" ^""^ courses, especially those related 
iLrl \ hospitality" industry, several interviewees believed that 
there is not a perceived need for radical changes in tU: technology 
associated with the courses offered. Rather, these courses a?e 
largely concerned with developing skills and attitudes required when 
working within a hospitality and tourism environment, although areas 
Howpvpr ""'P"'="ised reservations are increasingly being introduced. 
However, in many TAFE courses, especially those courses related to 
Thn^^Se" K^^H engineering, there have been dramatic 

changes which reflect the scope and level of new technology being 
introduced and applied in industry on a continuing basis. 

Questionnaire results indicated general agreement among the TAFE 
teachers that new technology is affecting their day to day teaching. 
While these changes were considered to be somewhat complex, 7« 
perceived the introduction of new technology to be a positive aspect 
of their professional activities with 69% considering that they had 
successfully introduced new technology into their courses. However 
6« of these TAFE teachers had difficulty keeping their teaching 
resources up to date while 19% did not. " ^ 

Tilt view that new technology has a major influence on TAFE 
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progranmes was supported by the interview r-^^ults where 85Z of 
interviewees considered that new technology has had a large effect 
on their area of expertise over the past 5 years. This also involved 
new courses that deal with the application of new technology in 
such areas as computing, plastics, micro-electronics and robotics. 
In addition, 70Z of these interviewed considered that they had 
successfully introduced new technology into their courses over the 
last 5 years. This positive finding has important consequences 
since concerns have been expressc<i about the ability of TAPE 
teachers to adapt to change. 

2. The influence of changes in technology on the curriculum and 
syllabus available to teachers . 



The TAPE teachers appeared to be attempting to incorporate 
technological advances into their courses but the level and scope of 
syllabus documentation available to them varied from course to 
course. Kew technology had a significant effect on the syllabus 
of 59% of respondents. Teachers were, however, divided in their 
opinions oi the obsolescence of material in the syllabus, and on how 
well their s>.labus reflected changes in technology. Responses 
varied Hot how well the syllabus reflected new technological trends: 
AOZ considered the syllabus to be very supportive, while 26Z 
considered that it constrained their efforts to update courses. 

Interview data confirmed the questionnaire results: 50% of 
interviewees said that advances in technology had affected their 
c ^rriculum to a large extent, while 30% considered the changes to be 
. all in nature. Opinion was divided on the effectiveness: of the 
curriculum in reflecting these changes: 35% indicated tb-it their 
syllabus had successfully incorporated new techn logy, while 40% 
considered it had been unsuccessful. Several teachers commented on 
the excessive time required to initiate and adopt curriculum change. 
The TAFE teachers in this study share the concern on the need for an 
improvement in the responsiveness of the TAFE curriculum process. 

3. The effect of changes in technology on teachers* level of 
technical expertise . 

Questionnaire data indicated that 83% of the teachers considered it 
necessary to constantly upgrade their subject knowledge while only 
7% did not. While 66% of respondents considered that new technology 
had effected their level of expertise (15% disagreed), 57% responded 
that they had been unsuccessful in maintaining their level of 
expertise. This study confirms the necessity for TAFE teachers to 
maintain their level of technical expertise, and suggests that many 
TAFE teachers have not maintained a sufficient level of expertise to 
adequately introduce new technology into '(.hei** courses. 
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^. The Influence of technological change on teachers* relationship 
with industry. 

TAPE teachers found it difficult to maintain contact with industry 
and to keep in contact with technological advances. The 
questionnaire data indicated that 762 of teachers perceived that 
there have been significant changes in the procesi-es and equipment 
used in industry since they had begun their teaching career in TAPE. 
A large percentage (58Z) of respondents considered themselves to be 
0U-. of touch vdth the latest technology in their area. In addition, 
almost half of the sample {ItQX) considered it difficult to maintain 
contact with industry. 

TTie data from interviews supported these findings, although the 
aspect of the teacher's responsibility in maintaining liaison was an 
issue of some debate. Of those interviewed, z^* considered that 
maintaining contact with industry was important. The response 
related to the success of maintaining their industrial liaison 
varied, with 502 considering their activities in this area to have 
been successful, and 302 disagreeing. Tlie lack of motivation for 
TAPE staff to undertake professional development programmes appeared 
to be a factor in the apparent low level of successful industrial 
liaison. In addition, part-time teachers in TAPE were seen as a 
valuable source of information and expertise in relation to new 
technology. The results of this study point to the need for an 
ongoing programme of industrial liaison for TAPE teachers; the 
current level of liaison between teachers and industry is considered 
inadequate. 

5. The effect of changes in technology on the adequ acy of teaching 
facilitie s. ^ 

TAPE teachers were concerned at the availability of adequate 
facilities for effective teaching of courses involving new 
technology. Most teachers (722) considered that new technology has 
had a significant effect on the teaching facilities that they 
required. Opinion was divided as to the effect of these facilities 
on the teacher's professional activities, with 5^2 of the sample 
considering the facilities to be a constraint, while 322 saw them as 
assisting. Twenty nine per cent of teachers agreed that a 
continuous review and updating of teaching facilities was taking 
place while 422 disagreed. 

The interview results supported the concerns expressed in the survey 
about the availability of adequate teaching facilities. Of those 
interviewed, 802 considered that the equipment required for their 
teaching activities had been influenced to a large degree by new 
technology. In addition, 502 responded that the existing facilities 
were inadequate for their requirements. Overall, the results of 
this study indicated that TAPE teachers placed central importance on 
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the role of teaching facilities In the Introduction of TAFE courses 
based on new technology* 

6* The effect of technological change on students^expectatlons of 
T AFE courses * 

A majority of teachers (69Z) considered that students expect TAFE 
courses to be upgraded as a result of new technology vhlle only 9X 
disagreed* In addition > only 13X considered that they had net the 
Increased technological expectations of their students vhlle 56Z 
considered they had not* Seventy seven per cent of respondents 
considered that their students had more access to new technology 
than they did* The results of the study show that the teachers 
surveyed hold the view that the changing nature of technology and 
processes used at the workplace have Increased the technological 
expectations of students attending TAFE courses. 



RECOMMENDATIONS FOR TAFc! COLI^ E ADMINISTRATOR S 

Recommendations derived from an analysis of the results of the 
questioniiaire and Interviews relate directly to the TAFE college 
which participated in the study, but the broad Issues may be 
relevant to Institutions of a similar context* The recommendations 
are summarised in point form: 

♦ Areas of study within TAFE that are subject to rapid 
technological change should be identified and attempts made to 
Initiate the processes required to increase the level of 
technology available to the teachers and students in these 
areas* 

* Technical staff development activities and staff training and 
retraining need to be carried out on a regular and continuous 
basis. 

* A criterion for the selection and promotion of new college 
teaching staff could be the demonstrated ability of the 
candidate to have responded effectively to changes in industry* 



* More incentives and oppo.'tunities need to be provided for 
teaching staff to update their technical and technological 
expertise. These may take the form of regular visits or 
secondments to the related industry for extended periods. 

* The curriculum developirent process needs to be streamlined to 
allow for the rapid introduction of changes in course content 
as a result of advances in technology* 
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Teaching staff need to accept more individual professional 
responsibilities a^d read the appropriate journals and 
manufacturer's literature related'«to their area. 

* There is an urgent need to upgrade the facilities in a number 
of teaching areas, especially those long established teaching 
areas where recent rapid changes in technology have been most 
evident such as mechanical engineering. 

* The need for increased student access to large scale high 
technology equipment may be through the co-operative efforts 
between TAPE and industry. 

CONaUSIONS 



Thi results of this study have highlighted the perceived effects 
that changes in technology are having on the professional role of 
TAPE teachers in one post-secondary technical college. While the 
findings are applicable to other TAPE colleges which offer 
technology based courses, a study to examine the actual effects of 
new technology within TAPE would need to focus on the teaching and 
learning processes within the classroom. A series of staff 
development and administrative recommendations derived from the 
results may assist TAPE administrators in the introduction of 
technological advances by focussing on the role and responsibilities 
of the TAPE teacher. However, it is apparent that in the final 
analysis the TAPE teacher plays a crucial role in the success, or 
otherwise, of the introduction of technological change within TAPE. 
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(a) Pre^university Educational System in Western Australia 

Students enter primary school at 6 years of age for seven years 
(Vears 1-7) and at the age of 13 transfer to high school for 
3-5 years (Years 8 - 12). Students may leave school at the end 
of Year 10 but an increasing number are continuing into the 
last 2 years* Entrance to university is by passing a series of 
externally moderated examinations at the end of Year 12« The 
mode of assessment for university entrance has r'icently been 
reorganized to cater for the changing population of students, 
and to better relate the high school curricula to a changing 
society. 

(b) Vhere the Paper fits into the Educational System in Australia 

Colleges of Technical and Further Education (TAFE) provide 
post-secondary education with vocationally oriented courses. 
TAFE is equivalent to Vocational Education in the USA and 
Further Education in the U.K. The majority of TAFE courses in 
Australia are offered on a part-time basis and are usually 
taken concurrently with employment. There is provision for 
full time study and to a lesser extent external study. 

(c) Brief Autobiographical Note 

Paul Tippett (M.App.Sci., Curtin University of Technology) is a 
Senior Lecturer in the South Australian TAFE system. He has 
had extensive teaching and administration e7:perience in TAFE ir. 
Australia and in Fiji and is on several national committees. 
David Treagust (Ph.O.t University of lova, USA) is a Senior 
Lecturer in Science Education at Curtin VMversity of 
Technology. He is interested in the introduction of technology 
into the science curriculum. 
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TECHNOLOGY EDUCATION IN THE UNITED STATES: 
A CASE STUDY OP A STATE IK^ TRAKSITION 



the United States end more spec ^ ;i5cribfe the 

•arly •fforts in establishing a y program^ tn New 

York State for all studef >s ages yr, Is: P''"^''""' 





The recent movement to lmp'len^cnt.^'^chn<)logy education 



tecnnoiogy was considered as more than compute 
computer literacy. "Jhe reports indicated that: 



People must know about technology in order to improve 
the quality of many personal and professional 
technology- based decisions. .People must understand 
the limitations as well as the capabilities of emerging 
technologies. The technologically literate person... 
should not believe that technology can solve all ills, 
nor that fr-ichnolo^:* is responsible for most problems. 1 

^tudents must be prepared co understand technological 
innovation, the productiv/.ty of technology, the impacts 
of the products of technology on the quality of 
and the need for criric/il evaluation of societal"^ 
matters involving the consequences of technology. 2 

We recommend that all students stucy technology: the 
history of man's (sic) use of tools, how science and 
technology have been joined and the ethical and social 
issues technology has raised. 3 

These reports have been significant in helping those 
outside our field become more aware of the importance of 
technology and technological understanding. This growing 
public awareness provides a "fulcrum" for chanae and the 
revitalized profession supplies the "leverage". Only 
recently has the profession discovered the political 
leverage that resides iu using "technology" and 
"technological literacy" as slogans. 

Part of that political leverage accrued when people 
wg6n to use the term "technology education" to replace 
■industial arts". Twenty-six state organizations now have 
changed their names to include technology. Twenty-one of 
these states use the more general term "technology" while 
five have taken the more restricted term 'industrial 
technology**. Name changing can be like naiisi calling, 
^ however, a new ^ame can become a powerful slogan <or battle 
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cry) and can elicit emotion and support. Substantive changes 
In curriculum and Instruction are needed before the programs 
reflect that new name, however* 

Specific Indications of such curricular change ire 
presented graphically below. Table 1 lists forty-five 
courses that were offered nationally, 1985 to 1986/ with 
the percentage of (loss) or gain shown for each course. 
Figure 1 indicates the ten courses with the largest 
increase and the ten showing the greatest decrease 
nationwide. A marked shift from a craft orientation to 
more of a technology orlentalon is evident.* 



The study suggests a growing Interest in technology, 
and a growing implementation of technology oriented courses. 
Considerable inertia remains, however, because technology as 
a useful slogan has not been supplemented with cxi equally 
useful definition. Like other countries the U.S. is blessed, 
or cursed, with a surplus of definitions of technology. 



CAW 



NKMfk»lCniv»t 



TiMiyCllMtM 



AltM«Ul 
Cmks 
Cnfu 

Ul>4t 



tStetnmia 



1».7« 



(MTU) 



1M% 



C U%l 



114% 

1X7% 
114% 
1U% 



Ii»H»ii^TiAiiilny 



NUMCRX'AL 
CONTROL 

OCVCLOfMINT 
COMMUKITATIONS 
T'«»iOU)Cr 
AMCUCAN 

wousntY 



ftooucnON 

nCKNOLOCY 

ncKNOuicy 




JCWOAY 

CeXAMlCS 

CEKEXAtTftl 

ARTMCTAL 
I waXKNC 
I FOUNDAY 

SHSnMETALS 
COIOtALMnAU 

I tocthes 



CoQ»u Gaining or D«elialn9 In 
XnttiMt or inroUntnt 




i 



/■a 



525 



••«the operational definitions of technology differ 
tremendouGly and range from (a) tools and hardware, (b) 
production of goods and services, (c> systems of 
construction/ transportation, communication and 
production, (d) a body of knowledge of prac ical value; 
to (e) a philosophy of thinking anvi doing. 5 

Ho attempt w.lll be made to defend the usefulness of 
several levels of definitions for technology. Instead, for 
the pux, . s of this paper one definition is stipulated for 
technolo9y and another for tochnolcgy education. Technology 
is defined here as "the use of our knowledge, tools and 
skills to solve practical problems to extend human 
capabilities.* 6 Technology education is defined as "the 
comprehensive curriculum area which has an rction based 
instructional program concerned with technology, its 
evolution, utilization,, and significance; .. .its organiza- 
tion, personnel, systems, techniques^ resources, and 
products; and their combined social and cultural impacts." 7 

Definition'; alone are inadequate in that they often 
ignore important and significant dimensions that make 
technology worthy of study. Technology education must give 
attention to the underlying conceptual structure, function, 
and results of technology. Building such "conceptual models" 
can help a) clarify what is to be taught, b) improve how 
that content might be learned and organized, and c) provide 
these "models" as "tools" transfer ing what has been 
learned to new and different circumstances. Such a 
perspective can add to the educational and political power 
of technology by making if important in all field as a 
"process" for teaching, ad a "content" for study, as a 

vehicle for integrated learning", as an "agent for change", 
and as a "commodity of value". 

Within this context and x lifcu the New York State 
implementation of technology edUi^ation emerged as a special 
case. For the first tiine evtT in the U.S. there was a 
mandate that all students, in publir and private schools 
alike, would study technology. The Regents' Mandate was 
actually translated into educational action through che 
Comnissioner 's Regulations* Selected key regulations are: 

* One unit of technology education is required for all 
students completing 8th grade by June, 1988* 

* Technology education means a program of instruction 
designed to develop an understanding of systems in 
fields .such as production, tran8porta\:ion, construc- 
tion, communications and agriculture by emphasizing 
applied t»,t;ivities through working with tools, machines 
and devices used in the home and the workplace* 

* All students pursuing a Technology sequence must pass a 
proficiency exam before seqtience credit is granted* 8 
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A great deal of professional effort ^ent into securing 
the Regents' Mjmd&te. But the nandate was only the start. 
Thfe development of the technology curriculum and a massive 
retraining program so that industrial arts teachers could 
become technology teachers vis needed. The Technology 
Teacher Traini 7 (TTT) project was initiated to prepare a 
cadre of Techiw-ogy Trains*' -9 who, w.^rkipg in teams of two, 
then set up 18 training sites across, the state. During the 
past th^ee years thes^* Teams have continued their own 
training and have provided inservice training to 
approximately two thousand middle/junior high school 
teachers* 

Currently technology programs ^ve being planned and 
implemented at three diffte*:ent levels^elementary, junior/ 
middle, and high school. Of the rhree, the junior/middle 
school progreuD nth and 8th grades*-*-I3 to 15 year olds) is 
furthest along ijy development and implementation. Next is 
the high school program with the elementary school program, 
unfortunately, a distant third. In the interest of time and 
space the rest of this presentation will focus on the 
middle/junior high school program and its implementation. 

The regulations require that all girls and boys 
complete one unit of technology education. A unit is 
eguiv£:l3nt to a course that meets for five 42 minute periods 
a week for a full academic year (36 weeks). In most schools 
in New York State, the new curriculum is a semester of study 
(18 weeks) at the 7th grade and a second semester at the 
8th. In a few cases there are schools that introduce 
technology as a subject at the 6th grade (12 year old) 
level. Any technology activities below the 6th grade level, 
although obviously important for young children, do not 
count toward the mandated unit of study. 

The illustration below presents a general overview of 
the middle/junior high school technology course. During the 
process of feedback and curriculum modification. Module T-6 
was integrated with others , resulting in a total of ten 
mod'iles for the course. The first five modules introduce; 1) 
development, 2) resources, 3) problem solving, 4) systems, 
and 5) impacts of technology. The second five modules return 
to these kf.y ideas with more aepth particularly in the 
controlling of systems, problem solving, impacts and 
decisions^ 

The primary delivery of the content, goals and concepts 
of the ten modules is through the use of Technology Learning 
/"^tivities (TliAs). The ZLhs were designed to take advantage 
ot the background and skills of the teachers to be trained. 
Each TLA includes the essential knowledge to get the teacher 
started. Each TLA also includes; a) the major concepts to be 
addressed, b) student objectives and rompetencies, c) 
instuctional procedures, d> a set of ten * constants" «o be 
infused into the activity (e.g. systems of technology, math, 
science, creative problem solving, transfer of learning.), 
e) references and resources, and f) evaluation examples. 
Example TLAc for th^ ten nodules include the following: 
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The high school program will probably make less of a 
departure from the content and structure of the past than 
was made m the middle/junior hi^n program. The experience 
gained through the New York State project suggests that the 
greater the specialization required for teaching a subject 
the inore difficult it is to replace that subject. 

Within this papei inqjacts has « double cannotation. The last module for both 
the seventh and eighth grade sylabi deals with the iiiqiact of technology. Through 
these modules and related activities students are helped to consider the range 
of consequences that technological decisions create. Consideration is given to 
three sets of consequences the intended and unintended, the planned and unplani^ed, 
and the desired and undesired. Special attention is turned to the imintended, 
unplanned and undesired as the source of surprise and trouble. 

The second dimension of intact relates to the change that the New York State 
progam has set in motion. Following the vanguard effort in New York twenty-six 
other states have inplemented technology education name and/or program changes. 
Nationally, technology education, although not quite a re^ility, ic a growing 
force. More and njore students now have the opportunity to become technologcally 
literate. as the first step in coping with and hopefully learning to control 
technology. 



And thus our profession is faced with a parc^iox. How 
can teachers make the kind of commitment needed to teach a 
technical subject and yet be able to move on to something 
now when required? Perhaps an approach to this problem for 
teachers is similar to the approacii used in the technology 
program that has been designed for students. Both teachers 
and students need to learn specific f^kills wiiuin a sound 
conceptual framework. An important kc ; to the problem can be 
found in each TLA as the tenth "const2. t" a^ the Transfer of 
Learning. Transferring learning, if achieved, ^>ans that 
students and teachers can apply their knowledge to help them 
understand what they currently don*t know. Teaching for 
transfer must become a major concern for those in the 
profession who will train the future teachers of technology. 

The New York State program and its supporting TTT 
project have resulted in real signs of progress. Nearly two 
thousand toachers have been introduced to the new 7th and 
8th grade technology education program. Hundreds of teachers 
are now using the Technology Learning Activities. More and 
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ttore teachers in the sta^.e are turning to technology as the 
content base. Most of this change is perceived as positive 
oy a majority of the teachers who participated in the TTT 
project. In addition to all this, the vanguard endeavor in 
New York stimulated other states in initiating or extending 
tnelr own innovations. Technology education in the United 
States IS very young, very robust and hopefully quite ready 
for the hard work remaining. tr j ^ j 
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SYSTEM-WIDE CURRICULUM PLANNING 
AND EDUCATION FOR ENVIRONMENTAL PESPONSIBILITY 

Abraham Blum 

(The hebrew University o^: Jerusalem, Rehovot, Israel) 

This paper describes a tiay how the gap between world embracing 
ideas and actual involvement of pupils in the improvement of their 
imediate environment can be bridged by a paradigm in which cen- 
tral planners help school based teachers to create effective, 
local programs. 

roae central q u estions. 
When the Ministry of Education and Culture in Israel decided to 
formalize and expand Environmental Studies in upper middle schools 
(grades 10-12, ^ '«s 16-13), planners had to tackle, among others, 
some central questions, which have a bearing on the planning stra- 
tegy: 

• What methodological approach would be bes', suited? 

* Which elements should be emphasized? 

How could central an. local planning be integrated, in order 
to optimalize the advantages of both? 

There was concensus that Ehvironmental Studies should use a 
wide array of active learning strategies from both the natural and 
social sciences, e.g. case studies, outdoor and laboratory in- 
vestigations, role plays and simulations. When we deal in school 
with local environmental issues, direct observation and experience 
will always play a greater part than iu teaching about national or 
global issues. Global ^ environmental ^Issues are important, but we 
want to treat them in the context of their world-wide implica- 
tions. Therefore, the culmination in our Environmental studies 
curriculum for senior high school is a project, in which students 
study in depth a real environmental problem ir their neighbourhood 
and suggest how to improve the situi^tion (Ministry of Education, 
1983). 

Because of its emphasis on problem solving and decision making, 
environmental studies demand a trensdisciplinary approach 
(Jantsch, 1972). Teachers who were trained to handle trans- 
disciplinary topics are rare. Host econdary school teachers do 
not h&ve enough )cnowledge in natural and social sciences to tackle 
the task alone. If they dare to do it without the necessary know- 
ledge base, their teaching becocaes trivial and superficial, in the 
best case, and indoctrinating or misleading in the worpt. To over- 
coiae these difficulties, a number of concurrent strategies are 
needed; e.g. team teaching and on-the-job training in project 
development, using sttitable models. 
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As to Che content areas and educational messages to be empha- 
sizedf it vac decided to survey a representative sample of 9th 
grade i^tudeots on their ''actual and conceptual ^nowl^ge* their 
cpinions about environmental issues and the sources of their envi- 
ronmental knowledge* This survey (Blum* 1984) served as baseline 
indicator f the further development of the Envirciuaental Studies 
curriculum* 

Aiaong the most important insights gained from this survey vere 
the followings 

1) Students* expressed attitudes were quite positive^ but not 
based on sound facts and concepts* 

2) Students* knowledge came inainly frora the nass media, and pro- 
bably for this reason, their assessment of local environzftental 

problonis vas considerably less accurate than that of national 
environmental issues* This meant, that in teaching environmental 
issues, the cognitive side and local aspects should be emphasized- 

The identi.Tication of the needs to emphasize loc^^)ized environ- 
mental issues And to help school based teams of teachers to educa- 
tionally tackle Ui^se issues came about at the same time, %^en 
curriculum development in Israel and in many other countries had 
started to move from the highly sti'ucture(5 curricula of the 1960s 
to more modular onest This happened in Isruel in Biol^y (Blum € 
Silberstein, 1979) and in other school subjects* Interesting 
enough, in Israel the opening up of curricula, the decentrali- 
zation of curriculum development, involving local teams of tea- 
chers was more pushed from the center than from the peripher/* 
Apparently, teachers {who often work overtime) got so much into 
the role of curriculum executing agents, ha(i no training in curri- 
culum development and did not receive incentives (time off or pro- 
motion) to devote time to curriculum development, thut the push 
had to come from the center* 

Central and decenti - lized curriculum planning 
Although teachers had complained, in the past, about the curri- 
cula which came from "above", there were not many who jumped on 
the opportunity to develop their own units on local issues* This 
is not surprising* Many teachers do not well enough know the sur- 
roundings of their school and town* Because of the high mobility, 
such teachers might come from CfUtside the school district* They 
might be used to teach national curricula, %^ich can give only 
general advice how to organize excursions* These teachers even 
might have attended a currictiXum implementation course at a spot 
familiar to the (ctmtral) course team, but without having gained 



A comparison with similar surveys conducted in the U*S*, in 
Australia and in England is in print (Blum, 1986) 
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the «clf -confidence to be able to apply the principles learned to 
their own environment. Locally born and bred teachers often are in 
no batter situation* 

Of courset we have the "the outatanding environmental teacher" 
and his lucky ttudcnta* In .'ortunate cases* thic teacher is dis- 
covered by a national curiiculum team and given a contract to 
write nationally. His or her efforts might be felt icore in the 
capital than in the school closest to his own. 

Let us not be one-sided. Central curriculum teams have certain 
advcrtages. They usually have better access to specialized sources 
of information and to experts. They typically have larger budgets 
and can collect background materials on national and international 
issues easier than local teachers. Central curriculum teams can 
also coordinate easier with national or other central examination 
boards. 

Although local examination papers like Mode 3 in England and 
so-called "unique curricula- in Israel ore acceptable to examina- 
tion boards, they are still the exception vnd not always favour- 
ably looked upon by university entrance boards. Only a minority of 
teachers and schools are ready to invest th? effort needed to 
create a local environmental studies curriculum or unit, and to 
write examination papers, although environmenmtal education is an 
area in whi-ih local curricula arc especially warranted. 

What, then, is a viable solutions? Clearly, publishing national 
curricula did not have the effect tfc hoped for. But thr coring the 
ball to school principals and the.r staff, at a time of budget and 
manpower cuts, also did not give the wished for results, in most 
cases. In the following sections I shall discuss the model we used 
to integrate central and local curriculum developtaent in order to 
optimalize the advantages of each, in the framework od the envi- 
ronmental studies curriculum for vpper middle schools, in Israel. 

The Environmental studies curriculum model 
This curriculum consirts of three partst 

1) Basic concepts and a general survey of environmental issues, 

2) Moro in-depth study of a selected environmental topic 

3) A loeil project. 

In order to enliance » motivation, teachers ere advised to start 
with identifying a local problem, usually one on which they will 
work later in depth (See Table 1). In the initial phase, students 
will quickly find out that et this stage they do not have enough 
"instruments* to clarify the problem end to suggest a balanced, 
feasible solution. Therefore, basic concepts, a systeMu approach 
«nd techniques of problem solving have to be studied before a 
real, local problem can be analyzed and 'cackled. 
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The local investigations are based on a study ©f a general^ 
centrally developed introductory unit. It contains four main 
topics: Natural and man«>i&ade ecosystemsi the development of tech- 
nology (and its ifppact on the environment > i renewable and unre- 
newable resources i environmenrntal planning and ■onagenent. 

After having received an overview op the developinent of envi- 
ronmental problems and how to approach them# students study in 
■ore depth a second unit* Teachers can choose among a series of 
unitt tfhich were centrally developed - one which is relevant to 
their region* They also ce.i develop their own# alone or with other 
teachers in tho region # if they wish so* 

Table 1 

COMPLEMENTATION OF LOCALi^Y AND CENTRALLY DEVELOPED 
CURRICULUM UNITS 
L ocally Centrally 

Motivation (Local Problem) 

Unit 1 (General) 

Unit 2 (Regionally Relevant^ 
Project Work ("Ecotope") 

Assessment and Examination 

Hie peak learning experience Is a p.:oject on a local or regio- 
nal « environmental problem which students investigate from dif- 
ferent angles # in order to come up with s wall founded propo- 
sition » how to solve the problem* Paraphrasing the work students 
do on a Biotope in the framework of the Biology curriculum lead- 
ing to the final exaaination, we refer to the environmental pro- 
ject as ttn Ecotope* 

Por those students who wish to include environmental studies in 
•their matriculation ("Bagrut") examination^ being questioned on 
their part in the Project is the major part of the examination* It 
van alou be used to cheeky if students who worked on the Ecotope 
understood the underlying principles £nd knew now to apply them to 
the problem they investigated* 

In our approach # "geimral** knowledge and skills are balanced 
with local studies* The general pr^t, which is relevant to the 
country as a whole, is being prepared by c "traditional" curricu- 
lum team with ready access to sources of information tfhich usually 
are not available to classroom lachers* 
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(ki the other hand, four curriculum tasks are in the hands of 
school based teams of teachers t 

1) Identifying the local problem students will investigate, 

2) Choosing the in-depta :mit{s) which 4#ill serve to further pre- 
pare students for the investigation of a local issue. 

^> investigation during which students should get 
involved in problem solving and in Isproving their environ- 
ment* 

4) Assassin? the results. 

In the case of Bagrut eicaminations, outside assessment might be 
added. At the moment, W3i deliberate the possibility to usi* the 
follow-up •xamlr^tion- model which has proven itself in the prac- 
tical examinations in Agriculture. According to this model, the 
examiner visits students while working in the field, several times 
during their project work. Thus the examination is not built on a 
one-time session with Its negative psychological side-effects. 
Also, the examiner can act as monitor and advlaer to the teacher 
In charge of the project. 

Implementation problems 
The partly-central-partly-local curriculum development approach 
to environmental .education (which Is valid for many more topical 
areas In the sfclence-technology-soclpty syndrome) puts more 
responsibilities Into the hands of local teachers. Four main 
problems have to be solved x 

1) Identifying local swurces of information on environmental 

Issues which can be tapped by local teachers.. 
V Training teachers In choosing modular units. 

3) Training teachers in project work, including how to work with 
groups on dif, Cerent parts of a common problem. 

4) Training teachers in project assessment. 

Identifying local' and regional sources of Information who are 
ready to help teachers proved to be the easiest part, so far. 
Lately, the Society for the Protection of Nature In Israel has 
opened a number of field study centres In cities, some municipa- 
lities have established local services for teachers. Also Pedago- 
gical and Science Teaching Centres have not yet been tapped to 
their full potential. When we organized joint meetings between 
volunteering subject matter specialists and tMChars, the former 
had always the majority. Supplying the Infonwitlon Is mainly an 
organisational task. The Environmental studies curriculum develop- 
ment tr>affl serves as clearinghouse. 

ThK problem hew to choose among alternative curriculum units 
exists mainly for elementary and lower middle school teachers. Por 
these, training materials have been developed (Sllbersteln, 1985). 
Teachers In senior middle schools should have lean problems, but 
in any case, the issue deserves more monitoring. 
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Itie mof serious problem Is training for project end group 
work* We foresee that laost teachers of Envirorutental Studies will 
come from Biology teadiing* Itiey will have had some experience in 
guiding students %fho studied e biotope« itiese students use to work 
in small groups, without necessarily having contact with other 
groups* This makes the teacher's task easier* Xn the study of an 
environmental topic, the questions to investigate are more com- 
plex. Various groups of students work in parallel on different 
aspects, sometimes geographically separated* 

To train teachers in the selection of relevant topics and in 
group work, «fe started to organise groups of teadiers on e regio- 
nal basis* At •ad) session, subject matter specialists from out- 
side the school system particip&te*Xn some cases, also specialists 

on group work (in schools) worked with the teadjers* At the same 
time, we further explore strategies for intensified team teaching* 
C^trally operating curriculum development teams have worked out 
suggestions how to organize teachers for team work (Barker et el, 
1975) XPN, 1976; Ministry of Education, 1983), but only school- 
based teams can work out practical schemes, adapted to local oon* 
ditions, optimalizing the inclinations, knowledge, experience and 
skills of the cooperating team members* 

While teachers in these training groups help each other to de- 
velop the projects, they also discuss the assessment issue* Since 
also the examinations in Environmental Studi' . are new, inspectors 
and curriculum developers %rork with the teachers on essessment 
problems* 
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Ttie Mucational Sy t m in Israel 

rlnSJi^!!" "^c"^ ^"'^ """^ 5) the co«pulsorv 

Xlndergarten. Scene years ago the educational system was Slanged 
from 8 years elemenUry mnd 4 years secondary school to 6 years 
elementary schooX, 3 years lower middle scliool and 3 years upper 
^ddle school. About half of the coa ^'s schools underwent tSls 
Change, co far. Nine school years are compulsary, but over 80% jf 
s-udentw attend upper middle school. Hiis caix be of an academic, a 
vocational or an agricultural type. The majority of students learn 
in vocational streams. So»aetimea tws ^f these streams are coobined 
in a comprehensive school. Able sv. .^.,ts from all typos of middle 
schools can sit for the Bagrut Examinations which serve also for 
university entrance (together with a psychometric te^t). 

sch^ls environmental education in upper middle 
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ATTITUDES OF POLICY HATERS TOWARDS SCIEHCE AND SOCIETY 
ISSUES IN A DEVELOPING COUNTRY 

M.J. Kahn (University of Botswana) 



1 ♦ Introduction 

Gc:»ncc Coucttion and the qualit/ O'f lift is an issue "for all 
ptoples in aU cultures at all stages oi development. 
The issue is viewed within each local milieu, both 
tconomico-pol i tical and environnental * One cannot understand the 
present milieu, or plan -for the future without taking the past into 
consideration* This paper looks at « particular local context and 
then considers the attitu^'e that present polic/ makers have toward 
science and techrr(og/ issues which determine the qualit/ oi life 
for those who make up the societ/* These views are contrasted with 
those of future science educators, ninel/ trainee science teachers 
and differences in attitude are established* 

2. Context 

Botswana, the former Bechuanaland Protectorate, has been 
independent for 20 /ears. It is a member of the Commonwealth, and 
also a member of the South African Customs Union* In addition it is 
the host state to the Southern African Development Coordinating 
Committee. The nation, with its Im people is a multi part/ 
democracy. The main human activitx in this flat semi-desert of 
^OOOOOkm^ is cattle rearing, and the national herd currently 
exceeds 3m head. 

About 80% of the population lives in the rural areas and carries 
out subsistence agriculture. The "ountr/ still possesses abundant 
wildlife, which in the words of t. e government's development plan 
*has xet to be fullx exploited (but) meanwhile make(s> i important 
contribution to the subsistence economx of the countr/' (NOP V^],8). 
Repeated drought, poor soils, the s/stem of migrant labour to the 
South African mines. Customs Union restrictions, as well as the 
drift to the towns, have led to Botswana becoming a net importer of 
food. 

The economx is now domin&ted by diamond mining, and indeed, 
Botswana is the world'^s third largest producer* This wealth, which 
flows directlx to the State, coupled with central planning in a 
mixed sconom/, has led to the establishment of a vast 
infrastructure embracing primar/ health care, education , transport 
and administration* Secondary industries are now emerging, towns 
bulge and the problems so often associated with the 'third world' 
begin to appear. 

3* Nationa1 Goals 

To the extent that anx National Development Plan represents real 
intentions or realisable goals, it is worth considering the stated 
aims which guide government thinking* 
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Fundintntally, thtse are comitmtnts to 'pipid tcononic growth, 
tocial justice, tcononic independtnct , and sustained development, 
»s well as tnploxnent creation ■ <NOP VI, 1986, xiii). Against this 
set of aiAS one can see the pragmatic responses oi government to 
keep the adverse effects of devtlopnent to a tolerk:)le nininum. A 
National Resources Technical Comittee keeps a watching brief on 
environmental issues such as overgrazing, soil erosion and firewood 
depletion. In e broader wax a National Conservation Strategy hat 
been developed to provide guidelines for sustainable development. 
The waxs that such strategies are translated into action affecting 
peoples' lives are man/i through legislation, the media, extenticn 
services and formal education. Indeed, all are mutually dependent 
on education. 

4. EducatiQn 

All education in Botswana is now provided free of charge, but 
access to education is determined by availability of school places, 
qualifying examinations and family comaitments. About 85/. of 
children attend primary school, but less than 10/C proceed through 
the secondary system to ccmpletion. 

Until recently, the junior secondary system was entirely geared to 
the needs of the minority who would advance to take 'O* levels, 
followed by almost certain University entrance. 
Unfortunately, the final component, -O' lev»l, is an imported 
curriculum, external ly niarked and moderated. It does not fit the 
local context. In addition, this level of education will, in the 
immediate future, continue to be attained only by a minority. This 
IS the minority which proceeds to higher level eraployraesit, probably 
after tertiary education. *^ 
The next level down is junior secondary education, currently 
available to Ad'/, of primary entrants. Access at this level is 
projected to reach nearly lOO'yi by 1991, and It is this group which 
IS best positioned to be senritised to environmental and social 
issues in science education. 



An aspect of the education system in Botswana which is unknown to 
»any is the fact that, unlike many advanced Western countries, 
Botswana insists that all secondary pupils take a science subject. 
Furthermore, it is policy, if not practice, that science is taught 
in the last three years of primary school as well. The current move 
in many countries toward a "science for all' is a response to the 
belief that science study •contribute! distinctive skills, concepts 
and perspectives- <ASE,1986il) which are rightly part of every 
human s cultural heritage. Botswana, by contrast, has been 
effecting this for many years already. 

As stated earlier, the Junior Secondary srilabus was tied to the 
needs of future -O' level pupils: -The syllabus is IntenJed to form 
the basis of a course which will me^t the needs of pupils 
proceeding to the study of Physical sciences and/or Biology for the 
Cambridge Overseas School Certificate <or its equivalent) as well 
as those who will leave school after J»C' (Ministry of 
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Education,19Bl:25):. Hcvever, the increased access to Junior 
Secondary education coupled with concern -for relevance, has led to 
a major shi-ft in thinking concerning the role oi this level o-f 
education: *This new Integrated Science sxlUbus is written -for 
Junior Secondary school pupils most of whom will leave •fcmal 
education after Std 9/Form 2. Th^ syllabus is therefore essentially 
aireed at providing pupils with knowledge, skills and attitudes 
needed for understanding and responsible participation \n our 
society' (Kin Ed,l9B5 

In this radical shift in enphas<s, no mention is iiade of the needs 
of the ninoritx who proceed to *0' level, the emphasis is rather on 
providing a useful science having application to the real world for 
the ciaJority whose formal educa-.ion ends after nine years. The 
highly centralised Botswana education system with its 
centrally-authored science worksheets, allows attention to be given 
to social and environmental issues in conformity with another 
stated syllabus ain:'pupi1s should have knowledge of how nature can 
be of use to man, and at the sane tine be nadt aware of our 
responsibility for conserving natural resources and of guarding 
against pollution' <Hin Ed,I9B5 

Attention is to be given to topics such as renewable energy 
sources, protection of water supply, conservation, health and 
safety at work etc. 

This sounds wonderful, presenting as it does a goal of 
conscientisction to such important issues, but a goal is all it is. 
The test is: will future generations be influenced in anyway? 
That question is for the future to answer. U» can, however, try to 
answer what the present attitude to these issues is. 

6.Su«* vf y 

In the run up to the United Nations Conference on Science and 
Technology for Development held in V/ienna in August 19B2, the 
Government , which required a position paper, commissioned a study 
on the status of Science and Technology in Botswana <V*rit'j^a,19B2) . 
The findings of this study make gloomy reading indeed. Or.Arnoldo 
l^entura concluded :"Science does not appear to be a Government 
priority* (^^entura, 1982:23) . He found that: "Science in Botswana is 
extremely weak. There are not enough scientists even to satisfy the 
teaching requirements of the primary and secondary 
schools'C ibidt20) and complained that there was *no organised 
system for improving the conditions for the conduct of natural 
scientific research"( ibidt22) . 

l^entura's other main lament was that 'there appears to be a very 
low level of scientific literacy in Botswana as a whole, stemming 
from the fact that this society ...is still to establish a 
scientific tradition' <^^entura,19B2:13) .To these points one can 
counter that there is an economic structural limitation, set by the 
consequences of Customs Union membership, as to what will be 
designas.ed legitimate Research and Development in Botswana. 
Furthermore, not only scientific, literacy is still low (50%) ,and 
that in this situation the emergence of an independent press since 
19B3 provides an important information input into peoples' lives. 
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tlhou^-^'r i^* bindings .rt v»ry worrying, and it mis with the 
ibovt in nind, isn»11 if tht nttd to estibli'sh some baseline 
ty denct oi hom scitncc ind society issues ire perceived, that i 
pilot survey wis conducted tirlier this year. 
A postal quest ionniire consisting oi 50 items wis distributed to 
two broad groups: 

Group I; trainee diplma and degree science teachers at tht 

University <32) 
Group II, professionals (technical and nanagerial) and 
politicians (62). 

Th» nunber oi responses is shown in brackets. 

Il!V!!!?*"! ^'^^IJP 0^ third students who had received 

no particular education in science and society issues. All students 

00, however, tftke such a course before cmpleting their studies. 
The professional group consists of a cross section of senior civil 
servants, politicians, parastatal managers, educators and private 
sector managers. The professional were surveyed by post, and the 
50/. response is gratifyingly high. 

Government employs a number of expatriates in senior positions, as 
educators and as advisers, and these made up 20'/. oi the 
professional group. 

Government itself was represented by 10'/. oi the respondees. 

?!Jn!uS^%**Ir'*I''^ to determine socne general knowledge of science; 
attitvde to the type of science appropriate to Botswana; the role 
Of gc'ernment in science policy; environmental awareness. 
The questionnaire was in two r^ain sections - in the first 
qSe1w^J?L'°.!''"' appropriate of four answers to a 

In the second se on, respondees were asked to rate items fn 
importance on a 0 1 scale. 

The main features to emerge are as follows. 

1. First and foremost is the general lack of experience of all 
cadres: the average time in post is jvst 6 years, with a range of 2 

ii. One can construct a profile of the attitude toward $cienc^ ^nd 

.t»chn9lpQy IS follows (all figures are '/. responses): 

I n 

-Technology leads to improvement in the quality of life on 

-provided it is adapted to local conditions ^ 11 

•s^Ploit resources in harmony with nature. 50 65 

-At school, science applications 78 ll 

-are more important than just tho facts of science. a 10 

-For example by studying how a car engine works 59 5^ 

•IS more important than knowing how to prepare COo 34 
(Interestingly, those favnr ing CO2 in 11 are 
characterised by a greater mean age than II overall.) 

-All pupils should take a science subject xc 95 

-involving practical work, 87 Iz 

-and all pupils should also take a practical subject. 97 90 

-science itself is viewed as a discipline based on 
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**txptrinitnt «nd induction/deduction 59 43 

-rathtr than a disciplint involving ttsting 'for truth. 15 39 
-Scitnct ctn assist undtrdtvtloptd countrits ii tnough 
-skilltd aanpowtr isacaiUblt. 1' 
-Tht Mitw that Govtrnntnt dtttrnints basic scitnct nttds 78 76 
-is supporttd by a low rating o^f 'scitnct "for its own sakt 34 37 
Two dtprtssing statistics art that 

-tht dtstructivtntts 'ii tht H bomb is corrtctly givtn 69 81 

-a<i is tot global ««tct o^ a Europtan holocaust 88 94 

This stt has t » 1.25 which dots not constitutt a signi'ficant 
di44trtnct btlow 20X. ^ 

iii* As to quality oi li<ft and tht «nvironntnt, this 

is nost inprovtd by primary htalth cart. 21 42 

Scitnct rtstarch howtvtr,is Sf^n 

-to be a major in-flutnct on quality O'f lift by 1. 31 6 

-Eniploymtnt oppurtunity is also a factor in 

-dtttrnining quality of li-ft. 21 32 

-Conctrn abput pollution was ^tlt to bt important, 69 57 

-with air qual i ty monitoring *5 87 

-and acid rain asstssmcnt 
a nftjor conpontn\. 

Rtgarding attitudts to tht tnwironmtnt, these were 
asstsstd in a number oi ittms; 

-tht worst poHuttr in tht capital was motor txhaust 44 35 

-"followtd by dociitstic wood smokt 25 32 

-and litttr. 22 29 

-Anti-litttr lawt should thus bt tn^orctd 84 90 

-and an alternativt *utl to "firtwood bt -four^d. 69 84 

Tht btst-known industrial polluttr is tht large copptr 
sratlttr in the north of tht country. 
Both groups w*rt in clost agrttmtnt on two responsts, 
-that mort Itgislation was nttdtd to control it 50 52 

-or that tht company could bt rtlitd on to takt action. 
(Tht latter v^ew is not the general public perception!) 
Cattle have a najor environmental impact on the 
'fragile ecology ; cattle numbers should 

-thus be controlled to combat overgrazing. 78 89 

-In addition, pesticide application should be controlled. 75 95 

Exploitition o-f hardwood timber resources has Just 

-cowienced, control o-f timber mills is thus needed. 44 ol 

-Preservation oi wildlife was rated as important 78 94 

whereas tiie exploitation of the unique Okavango Delta 

-*s a source of water was 4elt to be unimportant. 28 47 

Tbii set gives a t oi 2,3 which is flgni^icant at the the V/, level. 

I n 

iv. As -far as industrial health and safety is conc'^'^ned, 
-the small size O'f industry means pollution is not 
-currently a major concern, ^1 63 

-which also means work hazards are not yet a problem. 72 
There was strong support -for adopting the haelth 
-and safety standards of the developed countries 
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-atufll as drafting local standards* 75 87 

That a dormant asbestos mine rtnain closfd btcaust of 

'the dust danger was supported as lollowst 28 52 

while control O'f granite quarry dust was •felt to 

"be controllable by government laws. 91 94 

The desirability O'f government action was identi'fied as 

-appropriate to <force a furniture ^factory to reduce dust. 1^ 47 

(Contrast with the copper smelter above!). 

Where a ^factory was noisyt elimination o'f the hazard to 

-the workforce by ear de<fenders ^9 39 

-contrasts with redesign of the mt.chinery. 9 42 

The smatl size of Industry is alternately viewed 

-as resulting •fron the small domestic market 31 58 

-or with lacK O'f scientists 3G 13 

V*u t value here is 0»45 which is also not signi<f icant. 

V. All respondees seem to view th« State as the dominant party in 
environmental issues and tend to downrate other methods of control 
or change. 



vt. A few points are in order in comparing the di ff erences wi th in 
the professional g'^oup. 

These are based on a secondary/post secondary education tn science. 



sec poDt sec 

Correctly identify dieldrin as insecticide 40 66 

Motor car engine study is useful science 48 62 

Danger of asbestos 32 ?9 

More factual science needed at school 44 \6 

Against use of Okavango water for irrigation 6A 76 

Ue can see some differences her^ but other items were net as 
cUar-cu*. 



7. Conclusion 



The difference in attitude toward the environment between students 
and professionals at the 1*A level of certainty ts alarming - the 
suggestion is that much more emphasis needs to be given to 
conscientisation of university students toward environmental 
issues. There is as yet no environmental movement as such in 
Botswana. Unlike the North where students have often been in the 
vanguard of such organisations, this awareness has yet to appear In 
local pol iticSf 

The message <for educators is quite clear in this regard. Compared 
with a representative group O'f professlonalSi student teacher 
attitude is quite di<fferent. Students do not ^eel as strongly about 
these issues as those in the world of work. 

The di<ftirence Is not one arising by comparison with expatriates 
either; these made up barely lO'A o4 the survey group. 
The tentativir suggestion to be inferred <from the set of responses 
concerning science and technology Is that Ventura^s picture was 
overly pessimistic. The educational elite has a fairly sound 
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perception oi fcience and technolocxi and this is shired bx the 
next generation oi science teachers. There was sone indication that 
educational level does influence factual KnowledQe of general 
science issues, but this is to be expected* 

As a follow-up, the student group uMl be surveyed at the end of 
their studies. Ue would hope to find some evidence of a change of 
attitude resulting fron exposure to coursework and discussion in 
the area of science and societx. 
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1. DfTBODDCTIM 

In our universe, gocd planets are bard to find. 

Berth ia auch a Bootl planet. Mankind dependa on her fur hia very exiatence: 
food, raw aateriala, enerfy, air, aoil and water, living apace. 
Exploitation of our environaent for aatiafyinf hurai needs however ia cau- 
sing an increaaing nuaher of environaental probleu: pollution of air, water 
and aoil, overexploitation of resourcea of foaail fuela and raw materials, 
deat ruction of landacapea. Problcas caused by individual and collective 
deciaiona wittingly or unwittingly - in daily life. 
The need for environaental education ariaes: enabling atudents to reach 
(■ore) inforaed, thoughtful deciaiona in aituationa in which their behaviour 
or their point of view aight affect the environment .* 

A challenge for our educational ayatea: show our atudenta that it 'a hard, 
but not iapoasible to keep our planet well. 

In the Netherlanda thia challenge was taken up: the curriculua developaent 
project Environmental Sducation in Secondary Schools (Dutch abbr.: FWB-VO) 
atarted it's work on the integration of environaental education in the 
acience aubjecta and geography. In thia paper we will give an outline of the 
project'a ideas on the charactre of environaental education within the 
achool aubjecta mentioned and on the conaequencea of the integration of 
environaental education in these school subjects, being a ac5,ence-technolo- 
gy-aociety orientation of science education. 



2. A BALANOBD VHW ON BKVIBOWffNTAL BDXATION 

Curriculua development aijaed at an integration of environaental education in 
the exiating acience aubjecta (biology, phyaica and cheaiatry) in aecondary 
education requirea an anawer to (at leaat) the following three interconnec- 
ted queations about environaental education: 

• irfiy should it be taught (a queation of Juatification); 

• what ahould be taught (a queation of aubject aatter); 

• what ahouM be the effect of thia teaching (a queation of educational 
objectivea)? 
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^^'^ ^uettlon. •hould provf^ • coherent vl«#. on 
Which developMnt of « curriculu* structure and teschlof MterUla for 
•nviroQKnUl education within the acience aubjecta can be bated. 

2.1 jiMtificatioa 

2^r^;i!r?J^''?!:! i^^e* »«inly throuth our co-«inic«tion 

»«Ji«. So^ti»6a the information fiven ia one-aided. Moatly the ijjfor»atlon 

^n^"''^^ "^^/jy^^K^f ^« (therefore) auperficial and fra<- 

T^^' «^l*tlon betwean envirom^ntal pr<A>\em and huaan daclalona on 
!f?^ ? or aocletal level often ian't all to clearly preacnted. No wonder 
•tudenta are for example not able to identify a relation between their uae 
oi electrical enerfy at home and enviromicntal probleM like acid rain and 
tl«J freeohouae effect. Aaaociatlona of atudenta with a Uave-enerfv- 
^a^elm-loian* tend to fo in the direction of aavinf aoney. Jt-tead of 
•avinf our environaent. 

Education can broaden the atudenta* acope of vlalcn and can preaent a 
fraaewrk for atructurinf the auddlo of Information on envlrcnwsntal iaauea. 
can^provzde ace toola to decide on a point of view or on a course of 

If'^vi^iLIiri^^^r ^? ^T"^ ^" .ubjecta. nie intefration 

of onvlro«ntal education in the acience aubjecta ia connected to one of 
the poaaible viewa on the aiiM of ccience education: to enable the atudent 

f«M ? consu^r and citi«n in a technolofically developing, democratic 

ir'^w^J " •^i"^ H'^!^ permanently - wittlnflj or unwlttUfJy - 
^c^TJill Lr'^^ deciaiotia on a peraonal or collective level/ 

Includlnj declalona with environacntal Implicatlona. Science education cun 
contribute to a better underatandlnf of environaental iaauH. a bette? 
dlI2!r?c ^°f?~ticn and a mora ccmprehenalve view on the choicea to be 
aade. (Se« aection 4 for Bore detail.) 

to^l^!i(}''t^^*'°/^^* preauppoaea the individual can make a contribution 
to tacklinf environaental probleaa by way of: r*«uii«a 

• conaumer behaviour (like for example buylnf recycled paper (and atorin£ 
J^eS?:? b'y'c!;^^''"* '^•'•^^ '"'•'^ biJ^le'^tJlin ' 

• apottlnf (local)*envlroniieotal problema; 

de^iio^ mki%S^*""i'*i'*^^' reflonal or (inter)national policy 
; S^/ ^Jfi*^*^^? conatnictlon of nuclear power pi ant a or 
!^fi^^"*;* J^"* ^ ^Uui^n of car^xhauata); 

• voting preference in local, regional or (inter)national^tion;. 

I^Lrv^%Kl i!!* ^f^^y^*"^ (o"" • of individuala) ia «K:ognlred by 

^^i^^Uion^ 5*"^ "wis •^'^^^•ted to the same exteut. Moti^ for thia 
wSiitafcir^froI^^'l^ IL^^^: Policy-ab^ing, -acceptation anS ' 
iT^i^*?; 2 i'r"* ' «ov«"^t point of view) or to aapecta like compel- 

view of environmental pretaure groupa). 
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2*2 mvhject mttw 

What •boul d bef mtht in •nvironKotsl •<hicstioQ? 

DoM •nyiroimntsl education <Sm1 with tb« anvirommt: m »uch7 Or deal with 
the raUtiooahip betMeeo mo and tba «iviron»ent? Or with the actual and 
pottntlal problaMi in thia raiationahip? Probl«w Ilka acid rain, radio- 
activa wastta» (raasbouaa affect, diaafforaatatioa ate. 



When conaiderinf the Juatif ication of (mvironsental education fiven in 
aection 2.1 it aecaa that knowledfe about the anviroQ»ent aa auch isn't 
enouih. The need for aovironaental education ariaea fro* the way in which 
aankind uses the environment. So cnviroraiental education haa to dcol with 
the re?.ationahip between nan and the environment. But Vnowled^e of thia 
relationship ahouldn't atand or. hia own: thia knowled<u haa to b^ar relevan- 
ce to mx iaproved underatandini of and judnaent on actual and potential 
problem in the relationship between »an and environment. 

Environmental probleaa arc. rather coiQ>licated. Interpretations of ^he 
nature, causes and effecta of urn's intervention on the eoviroi»ent differ 
because of (scientific) uncertainties and because of differinf interests. 
When lookinf at possible solutions, the foUowinf <iuestlons have to be 
considered: 

c w^'it are the characteriatica of • lastinf relationship between society and 
environment; 

• (in i^ich way) la thia lastinf relationship techniciilly feasible; 

• (in which wt\y) is this relationship econoaic&lU* feasible; 

• (how) is it possible to attain thia relationship aocially, culturally 
mod politicalU^ 

Anawerinf these questions means evaluatinf differing interests, pro's and 
conU: makinf a choice in diloaau of a aocietal and personal nature. (The 
problem of for eMsaple household wastes cba be tackled by passinf laws, but 
also the individual can mak« a contribution by offering aeparated farba^e 
for recyclinf pun>oaes). Considerinf th© charactre of the acience aubjecta 
their contribution to enviroomental education la limited, becsuaa of tba 
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•conottlcal and aociopolitical Mpecta of «nv'iroMer.tal problw. But the 
aclance aubj«cta cartalnly can contrlbuta to claarly d«finlni aad analyalnf 
the problM and to developinc blueprinta for a laating rtlatlonahip^ for 
aurvival. 




2.3 objactjlvaa 

What ahould be the effect a of cnviroiaental education? 

Doea cnylronaental education ai« at developiof an 'environiicntal awareness' 
and an ecologically aour^ behaviour'? Or ahould -jur educational aisa be 
■ore aodeait? 

In actting educational objectivea one baa to consider the liaited influence 
education has on attitudea and behaviour of atudenta (at least outaide the 
achoolbuilding): school ia only one of the «any inatitutiona influencing 
ktudenta. Besidea that the question arises whether one ia allowed to aet 
specific attitudinal and behavioural objectivea. As long as these objectives 
are rather general there ia no pioblea (like: be -^g able to reach ac-i 
informed, thoughtful deciaions on...). But aa ao^ aa these objecti» ) 
beco»e specific there ia trouble (like: when confronted with a choiw-i be- 
tween public transport (bus, train) and private transport (car) the student 
ahould have a favourable attitude towards public transport). Objectives like 
theae interfere with t highly valued freedoa of individual choice. And 
■oreover it'a queationsble whtther attitudea can be forced on to atudenta. 

I Til u ^f*^ ^""i ^« c««iot force atudenta 

to think that care for the envirooMt ia the Boat ii^>ortant thing on Earth. 
TTie Bltemative ia a focua on luiowledge about the environaent and envlron- 
•ental Problems and on akilla (like being able to read, watch and li.ten 
critically » being able to collect and atnicture relevant infonation etc) 

^!)5r^iJrf ' i"^'^-^ Motmtd. throughtful deciaioo on 

environwajtal iaauea. Knowledge and skiila aa objectivea for enviroMental 

S^^^'SJiriJ^ni*^* r*?:/"".^^ Justification given in aectioo 2.1. 

:r ^ extending the range of poaaiblQ behavioural altema- 

T '/^^"^ can do - if be/aba Mnta to do the«) and actpiiring « 
cognitive structure on which a choice can be baaed? 

Extending the range of poaaible behavioural altemativea iapliea that 
environaental education is explicit about tb& cbolcea to be Bade on a 
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pttrsooal and oo « societsl level and is •xplicit about sf facts on the 
•nvirooaeot that accompany each choice. 

But alao that next to anvironaental concern other factora have to be taken 
into account when tryinf to reach a decision. 

An approach like that, in iihich knonladfe and akilla are praaentad in the 
context of a peraonal or aocietal choice and in which the individual 'a 
influence on environaental problwa ia dealt, with aifht increaae the chance 
of (Bore) inforaed* thouihtful d«»ciaion aakinf occurinf. But: whether the 
atudent aakea a choice, ««hen he/she will do that and which way the choice 
tuma out ia hia/her own responsibility* 



3* ClOICBS: IB OOMIIXT OT SCIBNCX 

Froa what has been a aid in aection 2 two iaportant features of teaching 

Mteriala (to be developed by the nae-vo project) can be derivad: 

a teaching aateriala are focussing on decision Mking situations of a per* 

sons! or societsl nature with environaental aspects - an Jmsues-^ased 

approach; 

a teaching aaterials sre presenting science content and akilla relevant for 
a better underatanding of the choice to be Bade - acience content and akilla 
in (an environaental) context. 

Deciaion Baking aituat'ona can be very close to the atudent, focussing on 
hia/her aocial role a' consuaer. Like for exaaple the walk(wo)Ban as a 
typical battery cnmd^r: which type of battery ia frov environBcntal point 
of view the best choice, how buc& will that cost Be, aa I willing to pay 
that and what do I do with these batteriea when they are worn out (or 
wouldn't it be better to buy rechargeable batteries, or aaybe the thing will 
work on a aolar cell)? 

the achool subjecta cheniatry (what kind of chenicala can be found in 
different typea of battery - and why?), biology (what effects Bight duaping 
of worn out batteries have on the environaent - like the effects of aercury 
on huaan health?) and physics (how auch electrical energy ia atored in 
different types of battery, can a aolar cell give enough power?) can 
contribute to Baking a (aore) inforaed, thoughtful choice in which not only 
financial aotives are considered. 

Another exaaple: eating aeat* Eating aeat ian't questioned: it*a a habit. 
A cloaer look at the production of aeat (yes, it's an industry in the 
Netherlands: bio-industry) shows that the huge aaount of aanure contributes 
to pollution of the environaent: acid rain, nitrates in ground- and surface 
water (and, as a reault of that, in drinking water). Environaental probleas 
not only in the Netherlands: cattle*fodder ia iaported froa all over the 
(Third) world, causing (rapid) diaafforeatation, aoil-eroaion and -exhaua- 
tion. A topic for the achool aubjecta geography (erosion), biology (why do 
we eat aeat, ia there an alternative?), ^>hysics (energy ^d energy-conver- 
sion) and cheaiatry (what 'a the relationship between aanure and acid rain?)* 
So there ia a cfaoica involved in eating aeat* A personal cfaoica, with 
iaplications for the environaent, also on a global acale. 

Deciaion Baking aituations can be further away froB the atudent, on a aore 
aocietal level. Like for exaaple the public debate on increasing the speed 
liait on (Dutch) aotorways froa 100 to 120 ka/h. In the public debate the 
Bain arguaent againat the proposed change ia a decreasing traffic safety. 
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?"r«?i^ ;i con.ider.tion. .re Imrdly heard. Could be . topic for phyic 
(.rcat^nt of friction.l force, (rel.ted to velocity) e<iu.llin< the prwel- 
^^irj^r^r* r ^""^^ •">•«•» -« per k. .t incr2«H "Slo^tyJ^^ 
V^Vl 1 , ^ f**f ' view on the .peed li.it .peed iMue at 

obllfed to drive .t Mxina .peed. 

Deci.ion wdiinc .ituation. on . per.onal u well u on a .ociet.l level 

hulbl S^l in.t.llin< . .olar water heater, «cchan<in< fil.«nt 

^ir;vr?.^t.^~^.'if-^ 1° "1^ (different .cenario'. for our 

tSe f^^ow: tropical fore.t.. depleti .n of the ozone layer in 

later) ' ' ' =»" do (now or 




4. scnmcs » oomin: a bboaorndx] of adc 

H^iJT! fS^ "Sequence, of inte<ratin« environ-ental education in acience 
aubject. for acience teachinf itaelf? oi-icuw 

Firat of all there ia a different anawer to the question of 'why teach 
acience in aecondary education'. 

IllDh«?^!i f>"'="tJ°«',fo'- atudents aged 12-18 in the Netherlands 

TS^tif?. developKDt of scientific akilla and an adequate »asterin« of 

itid^ . LTr^S i "l"^" l'^ ""^ ■ foundation on which 

atudenta can rely when entering thoae forxs of tertiary education in lAich 

?^^ri^"ri:^!r" 'T.^'^ • ""^^O"^" -ience \, Z\T, 

1% VL "^^^^^^^ ranniii:?7j- ?hVS:?it 

HiS'TfUrtiJi^^T^-nS^-rK" ''^ - - --"-^ 

A. a reaction to that there appeara to be a trend towards aokini acience 
teaching «,re -eaninfful, towards placing science inV perj^al I^i^r.nH 

tn'S^l^ch'?:^^; " ^'^^ ^S'ii .'^ Sii" d 

in the teaching .ateriala (for physics) developed by the PION project fl 

a'l; Jl?^^i!'d^i;L'??„i!' "^-tion are pra'ctL^S^^* 

• the (future) social role of the atudest as a coosumer (with the abilitv 

^iSnfarLi^raSS!^!: 

?o*inti™^^ °^ °- » (With the ability 

ij.i^^Li^^icj^iiiifjre.r ^'"'^""^ - . 

?oS^Wtfl^t-:[ » "ientific. techno- 

:»lo"'.:^:;d^":dtauS"' '^"■^ ^-"^"'^ 

toTwyl,/""'^'*"' -t-dent. live in, give, ri.e 

to a lesJing „ „ org^i.er ,or a nuaber of .cience ies.o^ ^'r 
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exaaple* of lesdinf ijuettioo*, see section 3). The lemdinf questioD deter- 
Mine* the (relevant) science content to be teufht. At the end of • series of 
lessons the leadinf question turns up afaio! ^oem the scieoce content help 
in fiodinf (an) anst#er(s) to thia question, does the science content help in 
being ^le to cope with a technological device, a consuaer deciaira, a 
aocio-acientific iasue? This turning bach to the leading question Uo socie- 
ty) is essential because it reflects the relevance of our acience teaching. 
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This type of science teadiing reflects a broadening of aias: not only prepa- 
ring students for further eduacation or (future) caployaent (with an 
eaphasis on an adequate aastering of scientific skills, concepts etc., and 
offering students an orientation on the use of science knowledge in 
different types of further education/eaployaent), but alao preparing 
atudents for coping with life in • technologically developing, deaocratic 
society (with an eaphasis on science ms one of the tools students can use in 
dealing with decision asking on a peraonal and aocietal level; deciaions on 
which buy would be best, a point of view, a course of action). 

This more extended answer to the question of 'why teach acience in aecondary 
education* has soae consequences for the content taught in acience lessons. 
Teaching acience in it's personal, aocial and acientific context doesn't 
change the necessity of an adequate aastering of acientific concepts; on the 
contrary: (sore) thoughtful dec ia ion Baking cannot be based on badly 
understood acientific concepts. Wat Bakes the difference is that these 
concepts have to be looked upon (at least partly) aa toola to reach other 
goals: (aore) thoughtful deciaion Baking. 

As a consequence contents ano akilla learned in acience lesaons are partly 
different froB what is custoaary in a traditional approach. The leading 
question chosen for a teaching unit deteraines the (relevant) acience con- 
tent; in the case of apeed liaita for exaaple (aee aection 3) thia Beans 
that attention has to be paid to frictional forces, a topic that ia alaost 
c(»pletely abaent in the usual approach to Bechanics. 
But it's not only a case of differei.^ acience knowledge: we alao have to 
include contextual Jmot/Jedge in acience lesaona, like the aocial aspects of 
appUcations of acience in aociety, arguaenta pro and con on different 
points of view on these applications. A very iaportant aspect of this con- 
textual knowledge is providing a frsBework for thinking about an iaaue. For 
exaaple thinking about a aeosible use of energy in the home could be guided 
by keeping in Bind the following four aspects: task aspect (how Buch water 
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efficitncy aspect (SL-Ihm or fiWnt 
bulb.?), qu.lity-«,pect (electric, (u or .ol.r J»eatio«?) mad .yste. aapect 

With re«.rd to .kill, there .i(fat ,1.0 be • cJaale in wphaii.. A. it i. not 
poMible to cover ,11 i..ue. in..ci«»e le..oi». .tudento have to be pre- 
^^Jl 'T' lwl«P««««tly. Ihi. aean. they have to learn to 

S^fji^t r«'Vi«fo"-ti.o. to co.p.re info«tion fr« 

different .ources critically ttc. 

!th^j^r~,:j!^/""'/''r**' ^ *^ """^ ««» 

-f th.^?!?^ re««nlinf content. U.in« .cience .. • tool nxiuire. knoi«led(e 

«iit?T<» rTu*°..'^u''* *° • ""^ traditional ,pprc»ch: to every 

the textbook ther^ i. ooe aad only ooe correct dilution) . Not 
^lit^^Lt^^ T.'^^ influencin* deci.ioo. (like econcical, 

S^ii^^l.^t^^tV'"'^ °f knowledge. 

J »^ ^ ^f"]':."^ controver.y on the effect, of low dosT 
S J ■» *° «*"^I« predicted ri.in< of the .ea 

lite the%J!h-?' •^T"*"'"'? "^'I' 'te'c'-ibin, co-pllc .ytej. 

iit^ Kay ?o^*Jf^?",T*'' °° ■'*'^»*« Uncertainties 

? different interpretation., al.o by expert.. Presenting an 
mitftentic iaafe of .cience. .cience bs • product of huaan activity in which 
object vity and .objectivity «-e le.. «.parated dowiD^Ti, , pre^eouiiue 
for u.in« .cience a. a tool for deci.ion taking. Prerequi.ite 

Tvaehing .cience- in ifa peraonal. .ocial and .cientific context ea 
.c?^^t.;iL*?*!„""'M°? " of "Cience education and 

lyln^tS:^"??^":^!'''' """-"^-I -1-tion fit. nice- 
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APPENDIX 1 

m iPucAnoiui tTsrm jm the wibislaiids 



The 9chem^ r«prMents the •ducat ioo«l systea 
in the KetherlwKk in • siaplified way. 
Af tar FriMry School iK>at studeata (70t) 
antar a type of general aacoodary 
aducatlon; thia can ba MAVO, HAVO or VWO. 
Soae 3M of the atudenta enter Junior 
aecondary vocational education (IBO), which 
conaiata of different typea of education: 
coMercial, how econo«ica» africultural» 
tradespeople 'a and technical education. 

In general the acience aubjecta phyaica, 
cheaiatry and biology are ^,aught aeparately 
throughout aecondary education. 

The arrowa indicate the posaibility of 
continuing one'a atudiea at an educational 
inatitution of a higher level* A certificate 
of • nationwide exaaination at the end of 
pre-univeraity education (VHO) givea acceaa 
to usiveraity^tudlea . 




List of ^r«vUtloM: 

lAVO Mslor («Mr«l MCODdary 

•ducatlOQ 

KAVO junior f«Mr«l MCtwdary 

UO/MO/no 4wior/Moior/btilwr 
vocatiooal •<Kic«tioo 



APPENDIX 2 

IBB PBOJBCT 'BNVIBOWCNTAL BDXATION IN SZCCmm SCBCOLS' (IM-VO) 

The NME-VO project ia a Joint activity of the University of Utrecht and 
Groningen, the Foundation for Curriculua Developvent and three institutes for 
environaental education. The project staff is based ut the Teacher Training and 
Educational Research Group of the Physics Department at the University of 
Utrecht. 

The project is financed by the Ministries of Education, of Agriculture and of 
Houaing, Physical Planning and Environaent for a period of 3*5 yeara (January 
ee-Auguat 89)* 

Main activities for the project staff are: 

a development of exaaples of teaching aateriala for environaental education 
Nithin the achool aubjecta biology, geography, physics and cheaiatry for the 
i^ole range of aecondary education (LBO, MAVO, HAVO and VWO; transitional year 
included); 

a research into the effect a of the teaching aateriala produced; 

a preparation of an adeqxiate in-aervice teacher training prograaae; 

a preparation of proposals for the integration of environmental education in 

the exaaination ayllabi of the achool aubjecta at the four levela of aecondary 

education aentioned above. 
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APPt WDIX 3 

•docatiooal qjUftlificatiocM wod caployBent historr 

AfUr taking bis defrw in physics st the Delft University of Tedmology 
in 1973, the sutbor iforlted as s physics te^rber for 8 ycare in Cenersl 
eecoodsry sducstioo (MAVO, BAVO snd VNO). In 1960 be Joined the Teacher 
Trainintf sod Sducstionsl Hesesrch Group of the Physics Departroit st the 
University of Utrecht as s curriculuB developer and, efter s few years » 
project coordinator of the Physics Curriculioi Oevelopaent Project (PLON), At 
the end of 1985, when the aooey for the FVOH project ran out, he becaM 
coordinator of the Mfli-VO project, 

publicatieoa (in Erifliab and Gervan) 

a Mnergy io the future. In: Harx, 0. (ed): Muclcar Phyaxcm, HucJear Pot^ 
Budapest (RunKary) 1982» pp. 361-364. 

• ne coot&ct of pbysicm eJucmtxoo (with H.M.C. Bijkelhof), In: Harriaon, O.B. 
(ed): World Tttodg io Science mod Tecboology Sducetioo, Trent Polytechuic, 
Nottin<hSB (TO) 1985, pp. 79-81. 

e ffudeer mrm eodf/or sefety: a dnemma Jo tite claMsnxm, In: conference papers 
for the 2nd Conference oo Science, Societr and Bducation, Leusden (the Nether- 
lands) 1982, pp. 123-126. 

e SctOJer mktivitMteo im PbyMikuaterricht - SatwickluugateDdeozea io deo 
Niederleodeo. In: 2ur DidaktiJc der Physik *iad Cbwie, GBCP Kiel (FRG) 1982, pp. 
52-63. 

m »m to temch m choice (with p,0. Bofesbirk). In: collected papers for the 
Joint ABSST/STSA Conference on 'Choice in Science and Society* , London (TO) 
1983, pp. 179-182. 

• Cunriaaum mpbmmeM io the PZOif pbymicg carricultm. In: S:5posiini papers for 
the 3rd Xatemational Syaposius on World Trends in Science and Tcchnolofy 
Bducatioo, Briabane (Australia) 1984, vol.1 pp. 125-131. 

S.^J'Tv^ «o^«>ci««r 9teepoa»: m auitoble topic for the clessrcca (with H.M.C. 
Bijkelbof and P. A. van der Loo). In: Phyaics Sducatioo 19 (1984), pp. 11-15. 

• Developiog themmtic mita: trial mod error, or... In: Lijnae, P.L. (ed): The 
aaoy mya of taachiog mod l^aniog mecSmaicmt Utredst (the Netherlands) 1985. 
pp. 400-410. 

li'^i^^^ one or tAe toola for deciaioo makioi io daily life (with H.M.C. 
Bijkelbor). In: proceedinfs of the IntAmatiooal Syaposiua on Physics Te«:hiotf. 
BnissaU (Belfius) 1986, pp. 73-76. 
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ENVIRONMENTAL EDUCATION: EDUCATION FOR AN ECOLOGICAL BEHAVIOUR 

Elly Reinders (National Institute for Curriculun Development, Enschede, 
Netherlands) 

**Wh»t happens to tha aarth 

bappans to the children of the earth. 

If a nan spits on the ground 

ha spits on bixBself . 

This wa know: 

the earth belongs not to nan* 
man belongs to the earth. 
This wa knovx 

Everything is connected just as the blood 
that ties a fanily. 
XII things are related 

SEATTLE 



Introdaetion 

In 1986 a motorway was opened in the Netherlands*. Not a spectacular 
event except that the wstorway runs through Anelisweerd* a country 
estate of great natural -historical and scenic value. 
An action group entered into battle with the public authorities and 
even now it is a classic example of running a campaign against the 
destruction of nature. Perhaps you hnve seen on television or in the 
newspaper the actionleaders sitting In the trees to prevent then 
being cut. Anyhow* the problen of sacrifying nature for motorways 
will be well known to most of you. The Indians of Seattles century 
are often cited as examples of htiman beings who lived in harmony 
with nature. The motorway through Amelisweerd is an example of 
manipulating nature for the sake of the economic interest of man in 
our western society. 

Should we liken the action group to Seattle's Indians? Do they 
regard the earth as their mother and the air as their father? Or do 
they use nature in another way to realize their social and political 
ideals? Should environmental education guide our children to join an 
bction group or to live as Indians? I think that we should look for 
solutions in accordance witii our culture. 

This paper gives an idea atout how environmental education can 
contribute to that other way of appreciating nature. 

Crisis in nature is caused by the attitude of western man to nature. 
That attitude is a result of our way of thinking, where economic 
profit dominates. Nature is the raw material for the production of 
consumer goods and the environment iu the dumpingground for the 
refuse of this process. To solve this crisis we need to review our 
way of thinking about nature and environment. A <fay of thinking 
which nature and a healthy environment are seen as essential 
conditions of life. A way of thinking in which man regards himself 
as part of a system that has links with the past* extends into the 
future and to places far beyond our own span of control. Human 
action should be defined by this notion. This way of thinking can be 
called ECOLOGICAL THINKING. Does ecological thinking fit in our 
culture? Or is it as alien to us as wearing feathers or smoking the 
peace-pipe? 

Dutch farmers who have lived all their lives in close contact with 
nature can say things that point out that ecological thinking is not 
so Strang^ in our culture. Working in their vegetable garden they 
told nei **I don't know why I an doing this, but I will leave this 
patch of ground in a better state than I found it**. 
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Andt vm soil is th« saiM as an aninal, you must take good car* 
of it**. And with th« opsning o£ th« notonray through Ameliswaard the 
policemen who, years before, had to keep the actiongroup away from 
the felling of the trees, said in an interview how emotional they 
felt at the sight of 600 mighty beeches falling down. But weatarn 
man is so fiaed upon satisfying short term needs, that any interest 
in 500 beeches or a clean environment for our health or the future 
of our children is far beyond his immediate field of vision. 
Environmental education should re-establish the relation between our 
conduct towards nature and environment on one side and our health 
and future on the other. You cannot fit ecological thinking into 
present-day education without any changes. Aimes, concepts and 
student-activities must be adapted to achieve another attitude to 
nature. There is not much optimism as to the possibility of changing 
attitudes within the educational system. 

Chanoina attttudea bv edttei>t;ln« t 

Flemraings investigations proved that in their personal lives pupils 
did not use knowledge and insight gained at school. A change of 
attitude seems to be very hard to achieve. More-over a change of 
attitude does not always lead to a permanent change in behaviour. So 
the prospects for environmental education are not very bright. But 
before we loose all hope, we should take into accotmt the following 
factor St 

- Research into changing attitude and behaviour in education takes 
place, naturally, within the existing educational system, which 
is not open to changes. Research-projects may stimulate pupils to 
change attitudes during one or two lessons, but in other classes 
or in the period of time after the project, these stimulations 
are nullified. 

- To change attitudes it is necessary to question the validity of 
norms and values. That means attention should be paid to the 
moral development of pupils. But in Dutch secondary education, 
and perhaps also in other cotmtries, pupils are confronted with 
the lowest stages of moral development, that is punishment and 
reward. A single project or theme in which pupils are stimulated 
to adopt a critical attitude, a personal opinion and a sense of 
responsibility will be considered an isolated incident by pupils 
related only to a certain subject or theme. 

- Another aspect is that our educational system, and that of many 
other countries I presuir . is subject-orientated. Even in topics 
strongly related to socib.1 phenomena every subject deals with 
itself and there is no link to every day life . For pupils the 
usefullness of what they have learned stops when they close the 
schooldoor behind them. A project that brings social aspects 
under discussion does not alter the process at the ochooldoor. 

- And last but not leasti the social situatiosi does not help. An 
environment-friendly attitude is not the easiest road to great 
social and' Personal success in society todey. In educetion one 
often thinks that when the educetion itself is good enoitgh the 
desired change will automatically take place. But to change your 
behaviour demands a lot of mentel anergy in and out of school* 
Pupils must be very motive ted to be prepered to offer thet energy* 

Must w* accept thet changes of ettitude and behaviour are not 
possible? Kot if w* look et the success of edvertising* Boirever 
advertising preaches day in dey out thet a particular behaviour 
improves future -prospects # a better cereer, more success with 
pertners, e better future for your children and a better old age for 
yourself. Envirosmental educetioo should lollow suiti pupils should 
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hear daily that « healthy environment is important for their ovn 
heftlt# for their happiness and for their future* By means of 
education changed at regards content and structure* 

The content of env iroMnental-edttcation : 

It is said that environmental education can only be incorporated in 
the final years of secondary education /iue to the complex concepts 
and skills involved. But research (NOVAK) shovs that it is possible 
to teach complex notions to young pupils# if you use the right 
didactical methods. But moreover Z vonder if the complexity of a 
concept depends langely upon the way in vhich ve have always 
approached it. Zsn*t the concept **ecosystem** complex just because we 
teach pupils from childhood to look at the part in stead of the 
wholes to be analytical rather than integral? Zu Seattle's erea 
Zndians did not know the WORD ecosystem. They did not recieve 
environmental education. However they were familiar with the 
PBEHOKBllOV ecosystem and dealt with it very well. The same goes for 
many older farmers. Likewise they did not know the word ecosystem 
And received no environmental education. Before the government took 
measures they also knew that too much dung on their fields is not 
good for nature. 

The way they treat their vegetable garden shows a greater 
understanding of the ecosystem than the irresponsible manner in 
which they spread too much dung over their farm- land. Ecosystem may 
be an A3STSACT VOTZOK in the scientific senses but it should be 
possible to revert it into an EVESTDAX PHEHuMEROH. What should 
pupils know about everyday phenomena to handle sensible? It is not 
necessary to know everything about the ZMF and the balance of 
payments tc handle money sensibly. But why should pupils then 
describe ecosystems in terms of energy-flow, circular courses etc.? 
Reflection of ecosystems from system theoretical principles is only 
possible at the end of higher general secondary education and 
pre-university education, and that group is to small to solve the 
crisis in nature. Environmental education should give pupils form 
childhood the awareness that environment is important # has a valuer 
that one has to deal with it carefully, that one can only spend it 
once. Environment should receive the same importance as money. In 
what way should the existing education change to educate pupils in 
that awareness? The existing science education in the Netherlands, 
but Z pressume in other countries too, shows children the part 
instead of the whole. Plants are unraveled in parts that are logical 
in a biological sense. Root, stalk and leaf are considered in turn 
one after another. The plants as a total phenomenon, in its natural 
environment with the organism it is related to is overlooked. 
In many Dutch classrooms in secondary education pupils dissect a 
tulip. Hhy nott it is tangible, pupils are active with their hands 
and it has to do 'tfith every day life. Or hasn*t it? For children 
flowers are not relevant as reproductive organs of plants. Tulips 
can be bought by the bunch in a flower shop, you give them to your 
mother on her birthday. They are one of the first signs of spring. 
They are a sign of happiness or sorrow. And an introduction if you 
visit someone. All these meanings of flowers determine the attitude 
of children far more than the biological meaning. So when 
environmental education should lead to another behaviour with nature 
and environment it should also incorporate these meanings. Only then 
can pupils make the link between what they learned and their 
attitude and behaviour. They should understaud entities, not only 
all the biological or scientific roles of the object but also how 
that object fits into the world of a child. 
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For •co^ogic«l thinkiu^ yoti M«d •cological f ••llag as well •> 
acoiogic«l knox#l«dq«, Bnvlroowtnt and tb« natural el«mentt in it 
should hav^ a valu* for thfir pupils* Environmental education ihould 
give tlie opportunity from childhood on to build up a relationship 
with nature. Moat chiliir^u start with positiv« feelings about 
nature, but flducation oakes littles use of tliis fact, la the 
Netherlands domestic anixals such 'as rabbits, guinea-pigs and 
hamsters disappeared out of the clr.3sroo;r, because of allergies. But 
the big group of ♦•doniei":<c aniawls- like snails, worms, flies and 
spiders could replace the* veiy welX, An aquarium is a good oxample 
of an ecosystem^ and there is a lot cf iife in the field neer the 
school,. Children don*t need rare species, Fieldwork in many forms 
should be part of environmental education, 

A i QW i tBdf . M l mrriCTlM-itrattqy for envir- mienh ai edae^t:ir>« t 
Education to ecological thinking will not sucitfetf if it is only 
started in secondary education. It is a process tc which should be 
worked at structurally. 

For ecological thinking it is necessary thats 

- Environment and nature get a value of Uic'r own for children 

- Children learn to appreciate that envii^^mrtcnt and nature can have 
a different vaXue for different people 

- Children acquire an '--sight in th« drv^lopment of nature?, systems 
in time and space 

- Children acquire an insight in t>ie relations between man and 
environment and the different wa/s to aj:'proach them 

- They learn to handle problems and dilen«na*s 

- Thoy learn to develop views of their own and to make choices 

Environmental education should start early to realise these 
conditions for ecological thinking. 

If we train our children during primary education to look at parts, 
then environmental education in secondary education will be very 
difficult. 

Primary education: 

Primary education can work at development of values l,e,i allowing 
children to experience their environment acd the tntural elements in 
it. By making them aware of what they do and wuat they think is nice 
and important to live in that environment. They become acquinted 
with other values that people can have for nature and its valuo for 
plants and animals. 

Primary education can pupils introduce to and become familiar with 
relations and developments in nature as phenomena. And with the part 
man played in creation of their environment. 

In shortt environmental education in primary aducation should focis 
on vaulue-development, introduction and the pupils familiarity with 
the environment. 

Secondary education: 

Secondary education should continue value-development by working and 
learning in the environment anA awakening feelings and ir crests in 
the pupils themselves. Secondary education should systemw-icaLXy 
work on knowledge and understanding of relations and development. In 
the lower classes problems and dilenma's can be presented as 
phenomene. 

In the higher classes a confrontation with problems and dilemia's 
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should Ittd to tolutiont, to choicdt, tnd points of visw. 

X »ort scitntif ic tpprotch of man - tnvironmsnt rtlationships is 

mort tppropriatt. 

In short: tnvironm«ntal tducation io secondary tducation should 
focus on valut-dtvtlopmtnt, dsv»lopfi^«nt of knowledge and 
understending* handling problens* dilemma's end making choices. 
The above described structure can leed to an integral 
environr^ntel-educetion, in which the conditions for ecological 
thinking are etructurally echieved. It seems worth while to realize 
such an integration of environmental educetion in the existing 
school-system, thus within the existing subjects* 
Or^tf can call this a LOEIDlTtmiKAL CDRSICUtON strategy for 
environmentel education. 

I8 euch a longitu dinal strateTy poss lbl* mnA ngL^aaary in the 
eristiiwy edueatlonal 7 

X few decedes ago one Sputnik considerably strengthened the position 
of science education in the western world. 

Why shouldn't m. global crisis in nature do the sane? Besides a 
crisis there should elso be a social movement. 
I think this movement exists. Education should take its turn in 
making social phenomena end developments with regard to environment* 
understandable and manageable. That is possible within the existing 
subjects* if the contents are chosen because of their importance in 
personal and social life. The desired attitude should determine the 
choice of knowledge end skills* But why is it not sufficient to 
incorporate from time to time a theme such as acid rain or 
air-pollution in the existing program? 

Then the analysing and manipulative way of treating nature keeps the 
upperhand. That does not alter attitudes. 

Environmental education an ever present theme in different 
subjects gives pupils a more real and differentiated idea of life. 
It teaches pupils to cope with various views and equips better for 
life. Environmental education as an ever present them should make a 
motorway through a nature reserve as strange as a motorway through 
Rembrandt's Kightwatch. Then ve can speak of ecological thinking* 
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SCHEHE OF FULL TU? EDUCATION IN THE NEIHERLANDS 
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The discussion about environiacntsi education is on £oot in the 
l^etherXands in primnry as well 92 in secondary education* But 
prinary and secondary education are strictly separated, even in 
curriculum devolopnwnt* The educational subjects are also strictly 
separated in the Dutch educational systea* 

Thid paper gives suggestions how environmental education should be 
implemented within that system* 

Elly Seinders (1950) did her Masters Degree in biology at the Free 
University in Amsterdam* She is working as a biology teacher at e 
Bighflchool and at the Kational Institute for Curriculum Developiiveat 
(SLO) >at Enschede* She is also one of th>t eucnCrs of the schoolbook 
Exact^biology* 

This paper was presented at the first National Congress, on 

Environmental Education and published in the Dutch journal **Milieu 
Educatie** (Environmental Education)* 
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TOOBLSX-SOLVZMa XKO DECXSIOK-XAXIKQ 
XM •CIBMCI-«CHW0LOaY-tNVIR0KMEHTAL-80ClBXX (8?E8) EDUCXTXOil 



Division of Chemical StudJ.es, Dcpartxaent of Science Education 
Haifa University-Orania, Th'* School of Education of 
The Kibbutz Movement, P.O. Kiryat Tivon 36910, Israel 



Although science, and particularly technology affect and 
disturb the economic, social, environmental, cultural, and 
political aspects of human existencer and are useful in 
establishing what we c&Ti do, neither of them can tell us what 
we should do > *<Hhat should be done** is a matter of value 
judgement to be applied within the context of our society end 
life* It is in essence a continuous process of decision making 
(Zoller, 1982) • 

Fcr nore than a decade various modes of Science-Technology* 
Society (5TS) programmes have been proposed to offer a new 
educational orientation which would cowoensate and cofflplewcnt; 
the formal traditional science education in response to the 
current and future pressing needs of modern societies and a\X 
people (Zoller & Watson, 1974? Aikenhead, 1980; Association 
for Science Education, 1981; Hams & Yager, 1981; McConncl, 
1982; Layton et al., 1986). Recently several perspectives for 
a conceptual framework to guide the development and 
implementation of STS curricula and teaching 
methods/strategies - have been advanced (Zoller, 1978, 1983; 
Yager, 1984; Bybee, 1985? Waks £ Prakash, 1985; Aikenhead, 
1986). These perspectives, in fact, mutually complement each 
other. 

Science, Technology, Environment, and Society (STES) can be 
envisioned as the major components of the general framework of 
a science education programme which simultaneously deals with 
the context in which we live and the f rawe of reference of the 
reality we experience. In considerinci the importance of the 
environment and environmental education (E£) and their 
contribution to the quality of our life (Zoller, 1984), the 
relevant paradigms of EE have been integrated with those of 
STS to introduce a focus on the interaction of Science, 
Technology, Environment, Society (STES) into school science 
curricula. STES education is thus the extsnsion of the scope 
of both EE and STS education by means of one synergistic 
comprehensive model, under the umbrella of a unified 
conceptual framework. 

The aim of this paper is not only to advocate STES education 
as a vital-essential component of contemporary and future 
science education for all (primary, secondary, tertiary, and 
informal adult education) , but also to deal critically with 
some selected theoretical and practical issues of such an 
education. These issues will be examined from the pragmatic 
point of view of the practitioner; that is, science curriculum 
developers, science educators and science ^eachers. 
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Ttf rgftfem>ff9lTlTlff"PfcitiQn>Hkfcincr ^ct in btea ^^ yg it^ ^^ yi 

Student! (and apparently t.achara) are lacking n problem- 
aolving (PS) and deciaion-aaking (DM) proficien ^es in the 
i^ll^ 1"*^ yorld-. Although the development and 

l»provement of VS and DM capabilities in students do not 
constitute an integral part of traditional science teaching, 
students as veil as adults are expected to become actively 
involved in social , scientif ic-technologic( envirc naentaX 
and political issues and problems and cheir possible 
resolutions as coapetent problew solvers and decision makers 
regardless of their future role in society* The need of STES 
education to be responsive to the above challenge is clear* 
o^'^^^c V^i" of concern is that each of the four components 
of STES - and, all of them together as a fraae of reference, - 
are conceptualized differently by, different people, groups, 
-^^f^*^^**- Consequently, STES education and its 
oljectives say aean different things to different people and 
groups contingent on their particular contextual framework and 
set of local constraints. 

It is useful, therefore, to define science, technology, and 
^•elS^^''^'^*"^ "^^^ features in the cVnt-Pv^ 

gJEg gtfygfltion* Working definitions - to be conSideled as 
possible first approximations are as follows: 
Scififlfifi: A conceptual framework of interpreting the physical 
world and its manifestations in terms of testable, falsifiable 
statements and theories supported by evidence and data. 
IfiStofilSSv: The nacro system of technical, organizational, and 
institutional interrelationships between man (and man-made 
objects, tools, and subsystems) and his environment (which 
constitutes a na^or factor in determining the materialistic 
standard of living and aspirations of i. Uviduals, nations, 
and societies in the modern world). 

Env i rpnPftn»; ; The collection of immedict* and remote natural, 
human, and man-made systems within which ve live - the impact 
of applied technologies on which determines its quality and 
consequently, the quality of our life. quality ana, 

cilL^f^^*^ ^^^^^ conceptualizes the above features of 
STES in a given context is crucial,, because the "bottom line" 
Of the major concerns of all those who advocate STS and/or ee 
t t?}^, •problem-solving (PS) , decision-making (DM) 
«cf (Zoller, 1986) particularly with respect to pressing 
controversial issues related to the interactions of science^ 
technology-environnent-society. 

Any .-!ourse of aci-<on expected to be taken k y the students (the 

^^^^ •xposed to SE, ee, STS ©r STES 
i» to be dependent on their corresponding 

literary (Layton et al., 1986). Thus, the^^sTES- 
PS-DM act* (i.e. the overall expected outcome of STBS literate 
students can be summarized in terms of the following steps: 

^* "^Sii^^^ a problem (a societal issue in the 

STES context) and its implications, and recognize it as a 
problem. 

2. Undeirstand - 

(a) the factual core ot knowledge and concepts involved; 

(b) the complex interaction between the core of 
rationality; (i.e. the scientifically 'true* facts and 
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concepts) and 'ideology* - consists of a second layer of 
tecnnical facts dependent on economic and political power 
relations (the power to make then 'true^f and of a third 
layer of myths, beliefs and values as 'facts' (Eliot, 

3* Appreciate the significance and the meaning of various 
alternative possible solutions (resolutions) to the 
problem at hand. 

4. Capability of exe" 'ising the problem-solving act; that 
is* 

(a) recognize/select the relevant data/information; 

(b) analyze the data/ information for its reasonableness, 
reliability, and validity; 

(c) evaluate the dependability of the resources used and 
their degree of bias; 

(d) devise/plan appropriate procedures/processes/ 
strategies for further dealing with the problem. 

5. Make and defend appropriate value judgements based on 
personal values and beliefs systems. 

6. Ability and willingness to entertain the decision-makinq 
act; that is: ^ 

(a) make rational choice between available alternatives, 
or generate new options if necessary. 

(b) make a decision or take a position concerning the 
desirable (and feasible) course of action. 

7. Act according to the decision made and take 
responsibility for this action. 

Clearly both problem-solving and decision-making in the 
context of STES education are different and much more 
demanding than the 'exercise-solving' process in ordinary 
disciplinary science education. 

Moreover, most states of functional STES literacy 
summarized in the steps above, require high levels of 
thinking since our main concern is not the future 
"technical*' problem-solvers (i.e. technicians, engineers, 
scientists); but rather the future literate citizens. We 
expect the students exposed to STES education not to 
solve the "big" problems dealt with but rather to take a 
position — based on both their cognitive analysis and 
value system — and to act accordingly . Hence , the 
•problem-solving act' on the part of the student in the 
STES education context means choosing between 
alternatives. The 'decision-making act' involves making 
a decision and taking the corresponding appropriate 
course of action. Evaluative responses concerning STES- 
related issues and not technical solutions are required 
on the part of STES students (Zoller, 1987), and this 
distinguishes the PS-DM act in the context of STES 
education from the corresponding act in the context of 
traditional science education. This difference in goals 
is reflected in the difference of emphasis in "classic" 
science education compared with those of proposed STES 
education as summarised in Table 1 below. 
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Tabl« 1. Emphases in ••Classic^ SE and in STES Education 



Science Education 



1. "Knowing*' - concerning 
the state of the art in 
the disciplinary subject* 
natter studied. 

2. Position is character- 
istically rationalist, 
quantitative r abstract, 
atonistic and static. 

3. Enphasis on the theo- 
retical , having general 
validity at the eicpense 
of the practical. 

4. Striving for the 'pure' 
scientific truth (the 
"right" solution) with- 
out concern for practi- 
cality and applicability. 

5. Using the scientific 
principles , concepts and 
conceptual schemes for 
explaining the universe. 



6. Dealing with isolated 
phenomena (and 
•problems') from a dis- 
ciplinary point of 
view; exact 'neutral'; 
and impartial analysis of 
facts. 

7. only one correct solution 
is possible for a given 
problem. 



8. Educational-learning 

goals are academically- 
oriented, and are domi- 
nated by the needs of 
the science disciplines 
and scientists per-se* 



STES Education 



"Relating to" and "Deciding** 
concerning pressing inter- 
disciplinary STES-related 
problems. 

Position is inclined to be 
intuitive, qualitative, con- 
crete, holistic and dynamic. 



Emphasis on the practical, 
specific context-bound, at 
the expense of the theoreti- 
cal. 

Awareness and concern for 
implied short-and long-term 
conseguen'tes of any applied 
"best" possible solution. 



Using the scientific princi- 
ples, concepts and concept 
schemes in their applied 
"technoloaiealti sense; i.e., 
for influencing the direct- 
ion of change and develop- 
ment. 

Dealing with actual problems 
in their real context; in- 
terdisciplinary system ap- 
proach in analysis. 



Many resolutions are possi- 
ible contingent on value- 
judgement considerations and 
criteria employed. 

Educational-learning goals 
are dominated by the needs 
of society and action is ex- 
pected outside the domain of 
science & technology per-so. 
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Given that (a) STES-type problems in our nodem technology- 
dominated world are complicated and nu It i -dimensional with 
far-reaching implications; and (b) any decisions about actions 
must be made under a high degree of uncertainty, the task with 
which the student * problem-solver * in STES courses has to cope 
with is very difficult and highly demanding indeed. 
Furthermore, since most of the major STES-related problem 
issues for which the students are expected to seek solutions 
are "unsolvable" to begin with, it is in a way paradoxical to 
expect PS capability to develop while addressing unsolvable 
problems. By the same token, it seems paradoxical to expect a 
meaningful • decision-making act* followed by action concerning 
a ^solution* (or even agreed upon 'desirable state') for which 
there are no practical ways or established methodologies to 
ths means to achieve it (Zoller, 1967) • 

Clearly the ••translation" of the 'PS and DM act* within STES 
education into manageable and assessable science curricula and 
science teaching strategies is not an easy task, but it should 
be done. 

Selected Issues of Concern in STES Education 

Recently there is an increased sense of urgency about the 
effect on our lives of the interaction between science, 
technology and society. Consequently there is growing support 
by science educators for the inclusion of an STS emphasis in 
science teaching (Gaskell, 1982). Thus, STES education can b 
seen a& a timely response to the perceived state of crisis in 
science education, and in its broader sense can be conceived 
as: education within the particular local reality of our 
current socio-techno-political context, about STES, for the 
science-technology, environment and society, and for the well- 
being of man and society in our technology-oriented society 
with so many pressing environmental-societal-political 
problems . 

It follows, that if STES education is expected to respond to 
the needs of individuals, groups, and democratic societies, it 
cannot be neutra l and cannot any longer be contingent on the 
particular "needs" of the separated science disciplines per- 
se. 

The issue is not the content of STES education, but rather its 
purpose - perspective, objectives, and expectations as 
determined by its conceptual framework. This framework would, 
in turn, determine the different "contents" which besr suited 
different set of local constraints. As STES science educators 
ve have positions (or at least appear to have reached some 
sort of consensus) concerning major STES-oriented issues. 
STES education is mission-oriented and, therefore, political 
because the knowledge, skills, competencies, and the 
deve 1 opment o f ide as within its framework are aimed at 
achieving active involvement and responsible actions to be 
taken by the students-citizens. STES is not just another 
••harmless", intellectual exercise; it is a deliberate attempt 
to change students from being unconsciously 'automatic* to 
being consciously-aware of decisions and behaviors in the real 
world context. Value-laden decisions have to be made and *no 
decision* is in fact a very crucial decision with all the 
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consequences of that decision. In the STES domain it is even 
more so. 

In order for the students • decisions to be rational, 
intelligent, meaningful, and realistic concerning interrelated 
STES issues, a svsteB^thinVing orientation (Schultz, 1983) 
should be the guiding approach in STES education. Similarly, 
in order for the p^rspnal dimension to be realized within STES 
education, valuai^lon (i.e. the application of value judgements 
in dealing with STES-related issues and problems) is an 
important and legitimate component within th^ STES PS-DM act. 
The difficulty in applying these two crucial components - 
system-thinJcing approach and the valuation — can be 
appreciated if one remembers that both are in contrast to 
current practices in traditional science teaching. This state 
of affairs is not surprising: a leading question in 
traditional science education is - ••what is it?" whereas a 
leading question in STES education is "what are the 'trade 
offs» and consequences of ... a course of action or an applied 
technology ?" 

CongeouenceS and toPlieatl ons - The Prsetieal 

Some selected consequences which evolve from the above 
approach to, and treatment of STES education are summarized 
below followed by a few practical suggestions. These 
illustrative examples of field-tested STES practices are 
appropriate for both science and non-science-oriented 
students at all levels. An important consequence of this 
approach Is that it requires education for problem-solving, 
not exercise solving (Zoller, 1986) and decision-making for 
action. it is therefore, more demanding than traditional 
science education. Through STES education we want to produce 
not only the future science "technicians" and/or professionals 
but the active "STES-interpreters" for which the capability of 
high levels of evaluative thinking in particular is a must. A 
second consequence is that STES issues and interactions should 
be dominant organizational confitnir^s of STES courses and 
curricula. Furthermore, these courses should be 

interdisciplinary, provide PS-DM situations in dealing with 
STES issues, and accept a priori the multi-solution condition; 
tnat is the existence of more than one solution to anv real 
STES problem. ^ 
Finally, the role of the science teacher should be changed if 
STES education is to become meaningful and effective in 
achieving its goals. The teacher can no longer be the sole 
"provider" of )cnowledge who mediates between textbooks and 
students. Rather, the teacher should i^lay a more guiding and 
co-leamer role, designing a questioning •learning 
environment* in relation to STES issues. The response of the 
students in terms of the PS-DM act will then be based on 
personal experience, individual and/or group study of problems 
based upon real world conditions. 

Clearly, all of the above consequences have implications for 
curriculum development, teacher training, classroom 
implementation and evaluation. 

The following are a few illustrative examples of the 
"translation" of the theoretical into the practical: 
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(a) Currtculun development? tSAC (Zoller, 1978) 2. lEEP 

(Zoller, 1986), two curriculum projects for secondary 
schools. 

(b) Teacher trainings "Chenistry of Man»s Environment in the 

modem Socic-Technological Context" - a STES pre-service 
for prospective elementary and junior high school 
teachers implemented during the academic year 1986/87 at 
the University of British Columbia, the School of 
Education. 

(C) Teaching strategies and materialss (Zoller, 1984; 1986). 
(d) Evaluation of effects of STES courses and of students 
performance: The Eclectic Examination. (Zoller, 1983a). 

The contribution of STES education to both the overair 
education of our future citizens and the potential impact on 
the decisions responsible citizens have to make in dealing 
with controversial societal issues are of utmost importance. 
The /.^plications concerning the quality of our future life are 
apparent. A STES education component within the framework of 
on*going science education is clearly needed. What precise 
form and direction it should take is, of course, a matter of 
value judgement within the educational PS*DM act. 
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(a) The Pre-Unlversltv Frinr^tional Sv^ti ^m of TeY>^f >i > 

I. Ages 6-12 (Grades 1-6): Elementary School. 

II. Ages 12 - 15 (Grades 7-9): Junior High School. 

III. Ages 15 - 18 (Grades lo - 12): High School. 



Modes of assessment used for University entrance: 

Weighted average of: 1. matriculation certificate. 2. 
national psychometric test. 3. special concourse 
tests (primarily in the physical sciences & 
mathematics) for entrance into certain schools 
and/or departments highly on demand (electronics, 
computers, medicine, law and others). 

(b) The submitted paper fits into stages II and III as well 
as into substantial portion of undergraduate university 
level. Several aspects are relevant to basic issues in 
education (science education in particular) at all 
levels, that is: elementary - to graduate tertiary 
education. 

(c) Autobiographical n ote rnr. Tiri Zoller^ 

1974 - to date: Head of the Division of Chemical 
Studies, department of science education at Haifa 
University-oranim, The School of Education of the Kibbutz 
Movement in Israel. B.Sc. (Summa curn Laude) and M.Sc. 
in Chemistry from the Technion-Haifa, Israel, s.M. 
(Chemistry) from M.I. T.; Ed.D. (Science Education) from 
Harvard, 1973; and D.Sc. (Chemistry) - M.I.T. - Technion 
(197A), 1963 to date: Consultant to Industry and several 
Government Agencies in the field of synthetic detergents. 
1979 - to date: member of the Israel National Committee 
on Problems of the Environjient - The Israel Academy of 
Science. 

Current areas of interest and research: synthetic organo 
sulfur chemistry? environmental chemistry and 
environmental education; interdisciplinary, problem- 
solving, decision-making-oriented STES curriculum 
development and evaluation. 

Author of about 70 scientific papers and 3 books. 

Currently on a sabbatical year at the University of 
British Columbia (joint appointment in the department of 
Mathematics and Science Education and the Department of 
Chemistiy) . 
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DEVELOPMENT OF A SYLUBUS AND PROGRAM OF AN INTEGRATED 
STS-OIRRICULUM FOR LOWER SECONDARY EDUCATION 

t%s • ^^^^^ ^'^sroa & Rob de Kievit 

(National Institute for Oirriculuu Developcnent (SLO), the Netherlands) 



_1> The project ^Science for 12«16 year olds* 

^01$*^* Netherlanda the csphasla on STS-educ«tion is Increasing. In 
1973 the PLON started (Project Lcerpakket Ontwikkeling N*tuurkuude) to 
develop (until 1986) « coaplete progrsa for physics for secondary 
schools, wich can be characterised «a a STS-prograa. In 1982 the Dutch 
State Departaent of Education publiahed m diacussion paper for a new 
structure of coaprehensive juz or secondsry cducstion. Anong other 
things it eaphssized the lapact of science in todsy's society «nd 
proposed an integrsted science educstion -with eaphasis cn its 
usefulness in dsily life- .nd •technology* ss s new subject. Since the 
70 s some schools sre experimenting with technology* especially 
comprehensive schools and schools for lower vocstionsl education. In 
1983 1984 snd 1985 Stste Coaaissions for the revision of examinations 
for chemistry, physics and biology published their first reports. The 
report.^ stressed the importsnce of applicable content, societsl issues 
and learning in contexts. The new examinations will be implemented 
from 1989 onwards. 

In the Netherlands there is uardly a tradition in integrated science; 
only in a few schools sn Integrated program is offered, si though in 
sbout AOZ of the schools (lower vocstional educstion) there is no 
foraal objection to integrated science. However, in discussions sbout 
comprehensive junior secondsry educstion integrated acience was 
proposed, and in a draft bill for the reform of aecondary education 
(publiahed in 1985) about the 'area of experience* *nature* was 
mentioned. A few months Ister the Scientific Advisory Council on 
Coverment Policy published sn sdvise in which quite the opposite was 
proposed. Integrstion of science was not seen ss desirsble, snd s 
syllsbus for science should consist of biology snd physics (including 
some chemistry). This sdvise was sccepted by the Covernaent and 
incorporated into a new draft bill* 

In this changing political context (aee alao Labordus, 1986) the 
National Inatitute for Curriculum Development started in 1982 the 
project 'Science for 12-16 year olda* (in Dutch: Hatuuronderwija voor 
12-16 jarigen, abbreviated aa NO 12-16). 
Two imported choicea were aade: 

. the choice for one unified aubject: Integrated Science; 
. the choice to select content baaed on contexts which have relevance 
for the student. 

The project ia concerned with three levela of curriculum developaent: 
the national level, the school level and the level of the claaarooa. 
The developaent of thcaes (unite), and prograa proposala baaed on a 
ayllabua have been eaphaaised. The theaea have two functiona: 
1. They give acbools the opportunity to use relstively well elsborated 

teaching aateriala; in this way achoola can contribute to the 

developaent of their own acience progroas* 
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2. Ttiey give tn opportunity to the project to concretite didtctic 

choices within tesching asterislSt thus enabling the project to get 
t better picture of vhst is fessible for the ordinary tescher. 

Zn this paper the development of s Syllsbu8» contsining sssessaent 
objectives » snd s Progrsa Propossl based on it is described. The 
development of the entire project is described in sore extense 
elsewhere (BoersBa, 1986). 

In discussions sbout STS educstion -ss charscterized by the position 
paper of the Nstionsl Science Tescher Associstion (NSTA, 1984)- some 
points can be noticed (see e.g. Bybce, 1985). 

1) Relatively such attention is given to societsl needs » and less 
sttention is given tot personal needa; 

2) Although caphaaia ia given to the application of acience content, 
the diacuasion about aelection of content ia reatricted to 
aocio*acientific iaauea; 

1) Hardly any attention ia given to the deaired aequence of the entire 
acience curriculum; acience education ia often planned as a 
collection of independant couraea or unita. 

The Syllabus and Program Proposal of NO 12-16 based on it hsve to meet 
the following criteris: 

s) Content should be relevsnt for students; s balsnce should be found 
between personsl snd societsl needs. 

b) The content should be integrated and not aegregated in the 
traditional acience diaciplinea; it ahould contain elementa from 
biology » phyaica, chemiatry, geography and agriculture. 

c) In the aequence of the Program Propoaal a balance ahould be found 
between context and conceptual atructure. 

d) It ahould be feaaible in the time allotted. 

The criteria ahow that emphasia ia given to acme of the familiar STS 
iaauea » and also to the problem of aequencing the content. 

In our opinion the aelection and aequencing of content (or objectives) 
are among the main problems in curriculum development, eapecially when 
non-traditional problems as selection of content itccording to the 
first criteriuo mentioned above are encountered so that the boundariea 
of the relevant body of knowledge are uncertain. MO 12-16 facea -as 
most other STS-curricula- aome of theae non*traditional problema. For 
that reaaon it may be relevant for othera to aee how ve tried to aolve 
thoae probleiLS of selection and aequencing. 

2> Development of the Syllabus and Program Propoaal 
The aelection and aequencing of STS-contenta were not two. atrictly 
independent phaaes In the development of the Program Propoaal. The 
Syllabus, based on the gosl for acience education of the draft bill 
for comprehenaive Junior secondary education » waa developed between 
January 1985 and Auguat 1985. The development of the Program Propoaal 
was bssed on it snd Issted until November 1986. On seversl moments the 
development of the Progrsm Proposal led to readjuatment of the 
formulationa of the Syllabua. An Engliah veraion of the Syllabua was 
^bliahed (Jotefaoon, 1986). 




The Syllabui 

The aiin problea in the developaent of the Syllabui v«i how to select 
content relevant to the student md how « baUnce could be found 
bttveen pcrioiitl and gocietil needs. Furtheraore the content should be 
inttsrated *nd not segrated a priori in the traditional science 
disciplines. 

The probless could not be solved by selection of the aost relevant 
contexts folloved by the selection of the aost relevant science 
content within these contexts* because we were not able to deteraine 
and asree upon the aost relevant contexts. Koreover soae trials showed 
that the selection of science content within a chosen context led to a 
rather arbitrary choice of science content. However, the alternative, 
the initial selection of science content wai not acceptable either, 
because that did not garantee that the science content coul( « used 
in relevant contexts. 

The dilenaa was pragaatically solved by designing a aatrix, which is 
in fact a siaplified context taxonony, displaying along one side the 
roles the students have in society now and in thr future and along the 
other side a listing of sy^teas of which student fom a part, the 
systeas being listed so that each preceeding systea foras a part of 
the systen that follows (see fig. 1). 
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Fig. 1. Matrix used to assist selection of subject aatCer for the 
Integrated Science Cur!.lculua. 
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Next aeabers of the project teaa repretentlng the different 
disciplines Included lo the project snd who were st the ssac tlae 
Involved with the development c"^ the sstrlx, were ssked to select 
science objectives uslof the uk ss • basis. While selecting this 
objectives thty verc expected to keep In aln^ current Inoovstlve 
Initiatives. This procedure resulted In a total of 121 assessment 
objactlvea ordered according to the roles listed In the utrlx* 
Vlth regard to the probles of balance between parsooal and societal 
needs, vc argued that Introduction of coaplex global probleas Is 
useful only when It can be connected with less coaplex societal 
probleas, that aicans problems In the student's own surroundings. 
Consequently to this choice led to an caphasls on personal needs. 

The 121 assessment objectives were Included In a draft Syllabus for 
the entl'*^e coaprehenslve junior condary education. 
Several groups, Induillng the Sc ence Advisory Comal ttees for 
Curriculum Development, =vaaeni4d on this draft In Kay 1985. At the 
same tlae tyo discussions, each with a;;proxlaacely 25 experts were 
held. The experts were drawn froa relevant teachers associations, 
teacher training Institutes, the Inspectorate, environmental groups, 
curriculum projects and universities. The written coamcnts and reports 
of the discussions were analysed and recoanendatlons for aodlf lest Ions 
were foraulated. Host crltldsa was directed to the aatrlx-'based 
categories which, dlsplsyed too little balsnce In spresd over the 
various cstegorles (the categories "the students ss psrtldpant In the 
world of leisure** and "the students ss psrtldpsnt In the world of 
work" contributed hardly any topic). Other, more general modifications 
of the entire Syllabus laplled a restriction of 50 objectives per 
subject sres. 

Based on these modifications the whole text was revised snd s new 
structure wss designed. 

This structure needed to have a strong aeta-character because It 
should Incorporste the selected content. A sub-dlvlslon Into different 
types of systeas Is obvious because the 'system' concept (snd s 
subdivision Into different organizational levels) hss a strong 
aets-^festure. 

The structure coaprlses just five categories and per category, one or 
aore sub-cstegorles. The categories are based on a dlsctlnctlon 
between "natural** and "huaan" aysteas. Vlthln "natural" systeaa a 
dlatlnctlon Is made between systeaa at object-level and those at 
super-^object level (e.g. eco-aysteas). Vlthln "human" systeas s 
differentiation la made between the category "construction" snd the 
cstegory "production". To complete the list, another category was 
distinguished to Incorporate the Influence of "construction" and 
"production" on natural systeas at the super-object level. 
The structure of the Syllabus for adence educi^tlon Is presented In 
flf. 2. 

Subsequently ^1 the assessaent objectives were placed under one of 
these five categories and were later further sub-categorlsed. rinally 
the eieaents were re-formulated so that their nuaber could be reduced 
to 50. 
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1* Object! ind phtnoaciui 

A ptrion*s own body 
1*2* Pilots and inlMli 
1*3* Materiili ind aatttr 

1*4 • PhcilOMM 

2* Object tod lurrouDdinxi 
2*1* Surrouadinci 
2*2* Syitcai 

3* Construction 
3*1* Tools 

3*2» Architecture snd use of energy 

3*3* Trsosportstlon snd cowunicstion systcas 

4* Production 

4*1* Afrsrisn production 
4*2* Production of asterisls 
4*3* Energy sources 

5* Hsn» environaent snd technology 



?ig* Structure of the Syllsbus for science educstioo* 



A revised drsft of the structure snd sssessaent objectives vss 
discussed in August 1985 vith s group of sbout ten specislists« All 
their coMents were, ss far ss possible, incorporsted into s finsl 
text which appeared in Noveaber 1985* 

The Progrsa Propossl' 

Working out the Syllabus to a Progrsa Propossl ve aet vith the problea 
of finding a balance between context end conceptual structure* Should 
all science content which is relevant in one context be brought 
together or should the conceptual structure be aainteined? A totally 
different problea is of course that the Prograa Propossl should 
conform to the tiae allotaent* 

It vss argued that, in order to favor the application of the scieoce 
content in other contexts than in which it is offered, it vss 
desirable to aaintain partly a conceptual atructure* Consequently a 
procedure vaa developed in which contexta and conceptual structure 
vers intervoven* 

Severs! atteapta were asde* Keabera of the project teaa generated 
specificsfcions of the aaaeaaaent dbjectivea, ao that vc had a aore 
concrete picture in aind of vhat vaa aent* Initially it was intended 
to convert these descriptions into 'concept aapa', uaing the 
procedurea deacribed by Kovak 4 Covin (1984), and to use the aost 
Inclucive concepts of all theae concept aapa to conatruct a concept 
aap of higher order* Thia "aacro" concept map should than be seen as 
the conceptual atructure on which, according to the theory of Ausubel 
(Novak, 1986), a sequence could be Used* Next the contexts should be 
intervoven (see loersaa, I9tf$)^ 
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Kcvcrthtlctt this procedure vii not followed for « nuabcr of reeeont. 
First we still felt unsure sbout the problem how to tscklc tho proces 
of the Interwesvlng of contexts snd s conccptusl structure. Secondly 
We questioned how sensible It Is to base « sequence on the susubellsn 
sssusptlon thst the aost Inclusive concept of the 'ascro 'concept Mp 
should be Introduced ss csrly ss possible, Ve preferred the followlag 
crlterls for sequencing: 

«> Cowards Incresslng complexity (I.e. orgsnlzstloosl level), stsrtlng 
fro« the object level; 

b) sppllcstlon of concepts sfter their introduction; 

Itiese crlterls csn be seen ss ezesp^es of the next crltcrlua: 

c) cstsbllsacnt of prerequisite knowledge. 

7lnslly s procedure ms worked out; this procedure will now be 
described step by step. 

1) After elsborstlon of sll sssessMot objectives the scientific key 
concepts were selected. Zt appesred Chst aost scientific concepts 
were linked to chapter 1 sod 2 of the Syllsbus (Objects sod 
Pheooaens, Object sod Surr^Hindlngs). This snslysls showed thst the 
various chapters of the Syllabus corresponded closely with Science , 
Technology and Society. In chapter 1 and 2 ( see above) the 
scientific cooteot -within various relevsnt contexts- Is offered » 
while chspter 3 and i (Construction, Production) offer the sesnlng 
of the scientific content In technologlcsl contexts , and chapter 5 
(Ksn, EnvlronsMnt and Technology) offers Che meaning of scientific 
content and technology In socletsl Issues. The analysis led to soae 
appositions of tt;e Syllsbus. 

2) Next the key concepts were used to construct a lesrnlng structure « 
shoving prerequisite relstlons snong the concepts (Xelgeluth et si. 
1981) (see fig. 3). 

Since this learning structure only consists of concepts » It n^y be 
called a conceptusl lesrnlng ::tructure. The problem vss of course 
how to dlff^reotlste this conceptual lesrnlng structure Into parts 
which cootsln the most IsportsoC prerequisite relstlons. In fig. I 
these parts of the conceptual learning structure are Indlcst^^d. 
Each of this sub-structure* Is prerequisite to one or more other 
sub-structurj:s or to assessment objectives of she chapters 3 to 5 
where the ssme science concepts were uced In technologlcsl snd 
societal contexts. Pig. A shows the prerequisite relstlons between 
the concept learning structure -figured in sub-structures- and the 
assessment objectives of the chapters 3 to 5. 

3) Although many of the assessment objectives were formulated In guch 
a My that a rough Indlcttloo of a relevsnt context was Ittcluded'. 
it wss felt that the problem of Interwesvlng concepts and contexts 
wms not adequatly solved. Therefore we readjusted and elaborated 
the matrix which wgs used for the selection of relevant as^ssment 
objectives (see fig. 1) In such a wsy that the roles people plsy In 
society were reformulated and divided In different ''context areas'* 
(see fig. 5). 



Fig. 3« Th% conctptoal Xeamios ttnicCure* Hie trrowt indictee 

prtrequitite reltcioas« The dotted lioet indicete Mtnigful 
reletiont* The er«itt A to H iodictte the tub-ttructurtt which 
vert dittinfuithed* The ouabert belou the coocept tute 
indicate the ettettatnt objectives of the Sylltbut in which 
the conctpt it tirut Mentioned* 
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Fig* Le«rnlng structure consisting of the conceptual learning 
structure (figured In the sub-structures A to H) and the 
sssessaent objectives of the chapters 3 to 5 of the Syllsbus* 
Assessaent objectives 5»2» snd 5 sre to be considered ss a 
aynthesls: sll other objectives see prerequisite ♦ The dsshed 
lines sround sevcrsl sssessaent objectives Indlcste that no 
prerequisite relstlons are supposed* 

Next sll sssessaenC objectives were plsced In this context matrix. 
Soae context araaa which hardly contained aaaeaa*cnt objectlvea 
were aklpped alnce the content elementa th^y contained could alao 
be connected with other context areaa. Identical or Teaeabllng 
context areaa which appeared In different roles (e*g* food and 
feeding) were alao takeu together, lu this way the number of 
context areaa waa reduced from 20 to 11. Since the reduced context 
■atrlw contained all assesstent objectlvts (except two that had 
aolely a aclenwiflc content), and alnce the relat^ona between the 
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Fig. 5. Context utrix In wblch til aaaesaaent objectlvea vere 
placed. 



aaaeasoent objectlvea vere elaborated In « learning atructure (aee 
3), concepts and contexts were actually interwoven. Now the 11 
context areas could be suosarized. 

4) The Isst step wss to trsnsfora the lesrning structure to a Prograa 
Proposal. For that" purpose it was neceasary to sake sdditiooal 
decisions, espccislly sbout soae prscticsl restrictions. 
First the number of lessons which could be used for ccience 
education was tsken in cons iderst ion: 5 x 40 lessons for 2 yesrs. 
Since the Syllsbus was developed for 8 x 40 lessons for 3 yesrs the 
aost inclusive concepts (snd the sssessaent objectives for which 
these concepts are prerequisite) were reserved for the 3d yesr. 
Secondly the 11 context srecs were weighted; esch one wss 
sttributed with s fsctor 1, 2 or 3. lo this way the nuaber of 
Iftssons avsilsble for esch context sres could be estinsted. 
Considering the lesrning structure two sdditional decisions vere 
■ade in sn early phase. First the relevsnt skills (instruacntsl, 
problem solving snd coaauolcative skillA) were connected to the 
assessaent objectives in such s vsy thst the skills vere connected 
vith relevsnt contexts and concepts. This vss not seen as a very 
cooplicsted curriculum problem since it seemed thst there were murh 
more useful connections than time avsilsble. The second decision 
wss -in sccordance with the choice for more emphssis on personsl 
needa snd less on societsl needs- to sequence the Program Proposal 
from 'close* to Mistsnt*. 

5. At the moiie&C the Program Proposal is discussed in the project 
schools. The discussion is directed to the feasibility and 
dcsirsbility of the Propos&l. Specislly the eleborstions of the 
assessment objectives enable s detsiled comparision between the 
Proposal snd the sctual science progrsm. 
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Next year toae parts of the Progm will t>e further developed In 
teaching Mterlals, so that an eaplrlcal basla la at Icaat partly 
available. Taking In account the experlencea and coMenta of 
achoola and othera» taking also In conslderstlon the assessment 
objectives of a natlonitl syllsbus vhlch vlll be estsbllshed by 
then» the Prograa Proposal vlll ba resdjusted snd published. 

3. Discussion 

The procedure described sbove lesds to a lesmlng structure vhlch csn 
be rcadopted snd elsborsted to different Prograas. Ve alao believe 
that the learning atructurc can be readopted to dladpllne oriented 
science education^ a altua^-lon vhlch say be rceatabllahed In thv^ near 
feature In the Nether landa. 

In aplte of the flexibility of the learning atructure ve atlll •«« 
aoae unsolved probleas. 

Flrat the learning atructure doea not Include technological and aodal 
adentlflc concepta. It vaa supposed thst these concepts vould be 
svallsble and that sn Introduction In sclenct education vould be 
unnessessary. Thla presuppoaltlon «ay be partly erroneous. That ahova 
the problea that for a complete learning atructure for STS->educatlon 
the connection betveen science educstlon» soclsl science education and 
technology education has to be vorked out. 

Secondly aequencea of problea solving and cominlcatlve skills vere 
not elaborated. Ve belle.ed that the eleboratlon of akllls In learning 
activities la salnly detemlned by the concepta and context of the 
learning activity, and that an Independent aequence shoving Increasing 
coaplexlty Is not to the point. 

Hay be s fundsaentsl Choice should be asde In fsvor of sequencing 
skills to the detrlnent of sequencing concepts or vice versa. 
That lesds us to s third unsolved probles. The learning structure 
consists of science concepts, skills snd contexts, snd Includes no 
seta-knovledge and nieta-skllls (see e.g. Alkenhesd/ 1980). 
Nevertheless ve sre convinced of the laportsnce of aets^lesrnlng (see 
e.g. Novsk & Covin, 1984) and of education about aclence (Barrentlne, 
1986). 

One aayor point vaf not solved In the Progrsn Propossl: the 
feasibility of the tlae allotaent. In aplte of their ovn teaching 
experience currlculua developers find It very difficult to aake a 
sound eatlaatlon of vhat Is possible. Eaplrlcsl evidence Is urgently 
needed. The project NO 12^16 did not hsve the possibility for sn 
extensive eaplrlcsl vslldstlon. Keeping this la alnd ve expect a lack 
of feaalblllty in the current ?ropoaal. Coaoenta of the teachera of 
the project achoola are Indlspenalble for the reconatructlon of the 
Proposal. The definite Progrsa Propossl vlll be published In 1988. 
In the reconstruction of the Progrsa Propossl other selection criteria 
then hsve to be used. Espedslly vhen »ets<-lesmlng snd education 
sbout science have to be Incorporated, ve coae doae to a point vhere 
a fi*' laental choice haa to be asde. Either s STS-progrsa vlth 
eapl 1 on science content, or a STS-prograa vlth eaphaals on the 
rol £ aclence In our aodety (see Alkenhesd & Plealng, 1975). And 
Bay be students sre lesrnlng aore vhen less sdecce contenC and aore 
aet^-learnlng la Incorporated. 
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The Dutch educational tytttm 




it*>« ttCO***tT 



C»CCATti« 



riiMAiT x»vcatioi 



Slapllfled overview of the actual Dutch educational systen. 
Only students who paao exa»ens of pr«-unlverslty education are 
admitted to the university. 

The project presented In this paper is concerned with junior secondary 
education, 

Kerst Th, Boersna (1943) studied geology and did his PhD (1973) at the 
University of Leiden. The next years he worked as science publiaher at 
an educational publishing co«pa.iy. In 1975 he aoved to the Pedagogical 
- Didactical Institute for teacher training of the University of 
Utrecht^ where he worked spedaly on the development and 
iaplcaentatlon of courses for biology students- Since 1984 he works as 
head of the science department at the Dutch National Institute for 
Currlculua Developaent (SLO) at Enschede. 

Rob J, d e Klevlt (1947) did his Masters Degree Ifi chealstry at the 
University of Leiden. The f^^llowlng years (19V2-1977) he worked as 
cheslstry teacher In upper secondakry schools. In 1977 he joined the 
science department of the Dutch National Institute for Curriculum 
Development and worked on the development of a chemistry curriculum 
for upper secondary schools. Since 1983 he Is project leader of the 
project discussed In this paper. 
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INDUSTRIAL CHEMISTRY AS A METHOD TO TEACH 
TXE U^tK BETWEEN SCIENCE, SOCIETY AND TECHNOLOGY 

Avi Hofsteln 

Department of Science Teaching, 
The Weizmann Institute of Science, 
Rehovot 76100. 

and 

Ministry of Education and Culture 
Jerusalem gi911, ISRAEL. 



Introduction : Does our £hemistrx c^^ 

U K.^wrote'^^^^'* chemistry relevant-, Barbara Presst In the 

"{fj'^'?' * cfiem£5txy syllAbtis, it is diWcu/t to rea/iie thMt we livt in « world 

whcb is mcrcMsmgly dependent on the worLcf * chemist. School chemistry covrses 
tZnfT.' cbMnge which h^uken p/*ce in the /«e few decides for 

present tf*y needs there Mre compleUly irrekvMDt^ (Presst, 1Q70). 

cin.i^if®!I"\«*lo^ .^'"^^ been accomplished in this area 

since in his 1983 lecture at Montpellier during the 7th ICCE Prof Ksmoa 
i^rnt^/°i the development Of an effective 'Chemical curricula and courses' he 
; If' L". ctirricuU should ^equMtety reflect the spirit of the time 

AS well MS bems educMUonslly effective* (Kempa, 1983). 
Does our chemistry curricula reflect the spirit of the time? 
irriLt^. J!^"^ Chemistry curricula In use around the world one 

fmDortant'^n^^^ T f'' on ignoring one of the most 

ChKflndllstri component of our everyday life, namely the 

Almost all the secondary science curricula developed throughout the 
western world during the golden-age of curriculum reform fl96(^70) were 
based on the conceptual structure of the discipline. They tried to show how 
^nn^fUl a research laboratory, emphasizing laboratory work and 

concept formation and usually did not attempt to Include any technological or 
societal applications of the scientific concepts studied. The developers of the 
Z'^t". ."t'""'^'" technology to be at best Irrelevant and, at 

sTnc'e^^eirstuff ''''' development of the structure of 'the 

rho JD?. Of Chemistry without discussing the various aspects cf 

?i^ne /Ju t nr\^j;f ^'"'f* '"^'^ Important features of modern life, 

of nn?^.t nn this omisslon is the overemphasis in the media of the hazards 
of pollution, waste disposal and other envlronmenUI disasters. Thwe 
EnMuiTo?!."^' P'^^ problems of daily life but the 

publicity they attract gives unbalanced picture of the nature o science In 
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gentral, and of chemistry in partii utar. 

Th« Impfemenution of Industrial chemistry learning units : Problems and 
Successes 

During the last fifteen years many articles were written about the need to 
incorporate aspecU of industrial chemistry into the regular chemistry 
curriculum. 

Why Is It, however, that although so many called for redefining and 
reformulating the goals of science teaching to the needs of society so little 
has been done? 

In order to examine the difficulties in the development and impiemenutlon of 
Indusuial units, It Is imporunt firstly to delne the goals of such learning 
units. My view is that the goals of such learn.ng uni;:^ should be: 
i. To consider the basic chemical principles as applied to the production of 
chemicals on an industrial scale; 

li. To demonstate the importance of the chemical industry to society and to 
the economy; 

ML To develop a basic knowledge of the technological, economic and 
environmenul factors involved In the esubiishment of a particular chemical 
Industry; 

tv. To investigate some of the specific problems faced by the local chemical 
Industry e.g. location of industrial plant, supply of raw material, labor, etc. 
What are the problems in attaining those goals? 

a. The problem of the teacher 

The main difficulty in the impiemenutlon of an industrial chemistry learning 
unit Is no doubt the chemistry teacher. The traditional training of a 
chemistry teacher at the university or teacher training college level hardly 
ever touches upon the applications of chemistry In general, and upon 
industrial chemistry in particular. Another difficulty is that In most cases up 
to date information on industrial chemisuy is not readily available to the 
teacher. Because of this, teachers are unsecure to discuss with their 
students, the economic technological and environmental issues of a chemical 
plant. Teachers do not feel com^<)tent to handle the many facets that sv.h 
an interdisciplinary program touch unon. 

b. The influence of universities and externa! examination boards . 

Although university academics and administrations give verbal expression to 
the Importance of programs which incorporate industrial applications, their 
entrance requirement and the requirements of the external examinations, are 
geared to the conceptual structure of the discipline. There must be more 
than verbal commitment on the part of the universities and examination 
boards to the value of such a course like chemical industry. Only then will 
such courses have a chance to mako a significant impact on the chemistry 
school curriculum. 

c. The local industry 

The successful development and Implementation of a course on industrial 
chemistry requires the active cooperation and If possible, the participation of 
the chemical indusuy Itself. The support of the local industry is imporunt 
both in the development stage of a course as well as during implementation 
In schools. This cooperation^ support Is imporunt for the organisation of 
visits In the indusulai plant, replies to teachers inquiries, supply of lecturers 
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f^r schools ind In the design and preparation of teachlnfr aids (e.g. films, 
Slides, booklets about IndusUy, etc.). Creating an act /e link between 
schools ind Industry Is in ImporUnt aspect of the Implementation of such 
courses. 

The £ey.»!oBmfin^ of 1 LttrnLng Unit In Chemical Industry 
Over tht pist 15 yeirs, few ittempu have been made to InUoduce materia! 
ibout the chemlcil Industry Into the school chemistry curricula. 
In Scotland, for eximple, Johnstx>ne ind Reld (1979) developed the "Amsyn 
Problem"; in which the student Is Involved In the study of relevant sclenceand 
In the ipp|lcitk>n of scientific krK>wledge. The student participates In 
sImulaUd resoluJon of relevant science problem. Case studies In Industrial 
chemistry were developed by the J.M.B. (1974) In the U.K. to be used as 
part of the A*l9vel syllabus. 

In Israel, we (Nae, Hofstein and Samuel, 19601 have developed a unit 
that Is used with 12th grade students (age 17) that consists of three case 
studies on the chemical Industry. The list of goals that were mentioned 
above were used as an organiser to the development of these case studies. 
I wish to elaborate a little on one of the case studies namely the one that Is 
called ^life from the DcMd Sea". 

The central theme of this case study Is the production of bromine and 
bromine compounds. The case study begins with a discussion of the 
geography of the Dead Sea, lu mineral content (330 ng/dm^J of magnesium 
sodium tn6 potassium chlorides and bromides. This Is followed by a 
discusskn of the world food shortage, the need for fertilizers, and the role 
played oy the production of potash by the evaporation of the dead sea 
brines. How these Issues relate to the Dead Sea Is "brought home" by 
specifically considering bromine. Bromine Is produced at the Dead Sei from 
the bromides In the "end brines" of a potash plant. These solutions contain 
about 12 g of bromide Ion (Br') per ilter, totalling about 350,000 tons of 
bromine available for extraction each, year. The students soon realize that 
the beneflU of extracting bromine from the Dead Sea may have worldwide 
application since bromide compounds are widely used both as pesticides 
(methyl bromide) In agriculture, and as additives In gasoline (dibromethane). 
In order to discuss how bromine can be extracted from bromide solutions, 
the students In the laboratory, compare the various ways of producing 
bromine by (Ij elect^iIysls of brines, (II) reaction of bromide Ions with chlorine 
and (lil) 'oxidation' of sodium bromide with potassium permanganate. 
Students discuss the production and uses of such compounds as 
dibromoethane and methylene bromide. Finally, with data supplied to thern, 
determine the availability and cost of the raw materials, the energy needed, 
the safe disposal of by-products, and technical and economic problems 
Involved in scaling up to full production. Students also simulate the process 
of decision maKmg in a discussion and analysis oi the factors relevant to 
deciding on the location of a new plant for produclngbromlne and bromine 
compound. 

Figure 1 illustrates the overall components of the Interdisciplinary approach 
of the bromine and bromine compounds case study. 
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4. Trm Utining of teichers to teach the Industrial case studies 

As wais mentiontd above, the main problem In the Implementation of 
Industrial courses Is th« lack In preparation of high school chemistry teachers. 
In order to overcome this problem, a series of In-service teachers courses 
wm held at the Welzmann Institute of Sclenccr, for teachers Intending to 
teach this cours*. These Included (a] one day conference on chemical 
Industry In general, with lectures (on the Industry of fertilizers, 
pharmacetlcals and plastics] from experts In the fields, (b) eight lectures by 
chemists from some cf tho major chemical industries and visits to some of 
Viese industries, such as the Dead Sea potash and bromine works and to the 
heavy chemical industries (ammonia, nitrates, detergents, plastics) round 
Haifa bay, and (c) a four day in-service training course, specifically designed 
I for teachers who were going to teach the new unit. In this course, each case 
study was discussed in depth, the experiments were tested In the laboratory, 
I and various administrative and didactic problems were discussed. During the 

preparatk}n of this course, contacts v'ere established with many of the local 
industries which helped to provide some financial support for the project and 
in organizing visits (Nae and Hofstein, 1983]. 

Another aspect which is worth mentioning Is that In recent years It has 
been suggested that teachers themselves should become more Involved In the 
process of curriculum development and implementation (Sabar, 1983]. In 
fact, the idea is that t^he teacher will become the developer oT substantial 
part of the science curriculum he/she is implementing In his/her classroom. 
Recently, we made an attempt to train teachers to develop their own 
Industrial case studies. We organized a longitudinal inservice course for 
senior chemistry teachers. The teacher came one day a week during the 
academic year and were trained In improvement of Instruction, scientific 
subject matter as well as didactics of chemistry. At the end of the course 

^ teachers,, In groups, were asked to prepare a final project • a case study In 

the chemical industry. In these case studies, teachers were asked to use 
variety of Instructional methods to which they were exposed during the 
course. Teachers made contact with different Industries, developed the story 

^ board of the industrial plant, suggested learning activities and experiments to 

simulate the Industrial proce<;s. Information about technological^ economical 
and environmental issues concerning the plant was provided. 

The following case studies were developed: 
] - The soap and detergents industries. 

- The industrial production of MgO - (a raw material used in high 
temperature bricks for furnaces.) 

- Chemical fibers for the textile & related Industries. 

- The batteries industry. 

- The manufacture of rubber tyres. 

Similarly the science education group, at the university of York has involved 
a group of scientists, secondary school teachers and chemists from Industry 
and university In the development of the A'level Chemistry Curriculum which 
cover industrially based topics (see for example Waddlngton and Nicolson 
(1985]. 

5. Application to other countries and other curricula 
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needt ind corrective actions In science education. Four goals clusters divided 
tearninx outcomes Into categories of relevance: 

(a) Pertonaj needs : Science education should prepare Individuals to utilize 
science for Improving their own lives and for coping with an Increasingly 
technological world. 

(b) Socieul Issues : Science educatton should produce Informed clWzens 
prepared to deal responsibly with science- related socieUi Issues. 

(c) CarW awareness : Science education should give all studenU an awareness 
of the nature and scope of a wide variety of science- and technology-related 
career* open to students of varying aptitudes and Interests. 

(d) Academic preparatiof< : Science education should allow studenU who are 
lilceiy to pursue scler>ce academically as weit as profesionaiiy to ^acquire the 
academic Icnowledge appropriate to their needs. 

Programs on industrial chemJstiy topics which are based on the Interdisciplinary 
approach described In this paper have the potential In enabling students to 
attain, at least partially these four goals. 

5. Summary 

I believe that given a proper training, the average chemistry teacher can 
develop and teach a course concerning a local Industrial plants. In order to do so 
it Is our duty to: 

1 provide the chemistry teacher with certain flexibility of time, and of course 
budget so that they will be able to select the most relevant Industrial Issues 
for their students. 

2. create active cooperation with local Industries which will provide teachers and 
curriculum developers with relevant Information and will help In organizing 
visits to chemical pianU. 

3. convince boards of examination as well as universities of the Importance of 
teaching about the industrial chemistry In a broader sense. 

4. We, chemical educators and teachers must convince ourselves that as 
Gall;.yter stated: 

"For future chixcos I'o « dcmocntic society, undersunding the 
iDUrrcUthas of scienect UchDology Mnd society aiBy be ms important ts 
uodsntMndiog the coocepts kad process of science* (1971). 
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THE P0TENT:ALS of a science technology and society (STS) 
COURSE IN A DEVELOPING COUNTRY - THE NIGERIAN EXPERIENCE 

Dr, Olugbemiro J, Jegede (Science Education Section: Faculty of 
Education, Ahnadu Bello University; Zaria, Nigeria) 



Introduction 

Tht periUtencCi till date, of the Baconian climate of using 
science for the *acrit and oioIuMnt of atn* vhich tfaerged in the 
seventeenth century has in part been a catalyse for the greater 
pursuit and tue of science and technology in the prevailing tines. 
Ihe focus today hes shifted fro« propagating the influence of 
science and technology ou huaan life to exploring vays and atans of 
Kin;.pul«tlng thea to cha aaxiaua benefiu of society with particular 
reference to qualitative life* 

Nations, worldwide, coocait or seek to cotaait all resources for 
total national development through science and technology. It is 
a knwn fact that scientific and technological activities have 
contributed, aore than my other factor, to the growth and 
development of countries thst have recognised and uised thea (UNESCO, 

Brooks, 1978; Humael, 1977; Dixon. 1973). The journey fran 
piu.t to present has not been that faooth. The idealist view of 
science h^*n^ curiosity-criented dedicated purely for the unravelling 
of knowledge irrespective of its applications and moral «or ethical 
issues had a stiff opposition. This opposit.',on came from the mission 
or utilitarian-oriented view of science in which the pursuit of 
knowledge is seen as an instrument for gaining total and practical 
dominance over nature to the benefit of ma- kind. The esoteric view 
of science therefore had no place in the scneme of mission oriented 
science. 

The cc^xistence of the two views - basically science snd 
technology " becsae real and enforced during the era of the 
Manhattan project. This led to che increase in budgetary allocations 
by developed countries to science tfith a view to utilizing iu products 
for both beneficial and destructive ends in the society (Dixon, 1973). 
It should be noted that the boost that science education has received 
within the past few decnes was essentially a reaction to the 1957 
Sputnik feat. The inclusion of science in the school curriculum as 
a part of general education has been succintly justified by the 
Association for Science Education as the need toi 

(i) acquire a knowledge and u!kI erst and ing of 
a range of scientific concepu; 

(ii) acquire a range of cognitive and psychomotor 
skills and processes; and 

(iii) utilize scientific knowledge snd processes 

to solve practical problems snd to coosunicate 
that experience to others. 
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The teal to train tcientists in the po«t-Sputnik era although led to 
a significant departure from the traditional conception of acience 
and its teaching overlooked to certain degree the vocational aspects 
of it. And yet science education is basically a preparation towards 
some specific technological or technical careers as well as an 
understanding of the technical society. Since many students of 
science study to become engineers, doctors, nurses, industrial 

managers etc., it therefore made good sense to include in their 
training soae aspects of technology education t^iman, 1980; 
J^tonier, 1983; Jones, 19d2). This marked the beginning of 
technclogy educationand its distinction from science education. 

Science and its application is a human activit" carried out by 
scientists, it is part of man's culture and a social institution 
used to transform the society. Science is seen as very central to 
human existence with much eophasis on its cultural and utility values. 
Besides, scientists are now more tb«n ever before engaged in problems 
that are social in nature and are determined by society. These 
underlie the need to present science ^and technology) in a totally 
new package in an effort to making ,iu:e that society fully benefits 
from its knowledge, conception and practice. As reported by 
Harthorpe (1982), Ciowther in 1959 did list the aims of teaching 
science to those who may not wish to specialise in science and 
technology as (i) ensuring that people understand the impact of 
science and technology cn society; (ii) ensuring that every citizen 
should be abl'e to use the fruit of technology and <iii) coping 
with a world chracterised by rapid change as a result of the impact 
of technology. 

In the contemporary times the issue has gone beyond just 
teaching science to those who may not wish to specialise in science 
and technology to making sure every living soul receives the message. 
Indeed the shift now has been teaching and designing science 
curricula that are more socially relevant (HcConnell, 1982; Fenshan, 
1985; Kurd, 191)5; Aikenhead, 1985; Garrard, 1986) and have justifica- 
tion from thi most diversified background that ranged from politics 
and economics to sociology and philosophy. According to Zimau (1980) 
and Yager (1985) these new curricular which go by different names 
(we shall use the STS nomenclature for the purpose of this paper, 
its all embracing ndture and its popularity) have as their 
fundamental objective the 'correction of the onesided presentation 
of science and technology as well as broaden the background of 
students of science and technology, and to prepare them better for 
their lives as professional workers and as responsible citizens. 

The bcginninc of this decade has witnessed the start of a foment 
that seems to have greater capacity, acceptability and durability 
than any movement/curriculum that has ever been. The STS also has 
changed considerably the dynamics of the scientific community 
world-wide. 
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The STS Course in Kii^erla 
Its Conception 

foUa;^* advent of science and technology in the developing countries 

J^weoa coonon pattern arising from the influence of colonization 
and aubsequent refoms in their educational system (Jegede, 1986) 
Just like any developing country, Nigeria's practice of science ai»d 
technology cannot be compared with what obtains in the developed 
world. However, the influence of science and technology is greatly 
felt. The products of science play 'very vital roles in the daily 
life of people. The society's effort do develop a scientific 
'^}^^^^ ^ technological innovations has not 

Batched the rapidity with which the products of science and 
technology are consumed. Although the influence of science and 
thf « ^"^"'^^ ^^cognised generally and the few involved in 

the field attempt to discuss it, there is however no concerted 
^ effort to educate the public about the social consequences ox- 
science and technology. 

Viewed from a different perspective no greater need 
(educationally) is felt in a developing country heavily bombarded 
with the products of science and technology (but with low level 
science and technology activities), than for all its people to 
become fully aware of the social implications of science and 
technology. This has been t5ie motivating factor in the 
introduction of a course Science and Society at the Ahmadu Bello 
University, Zaria. A course in technology just as we have in 
science at the junior secondary school is being implemented. A^ 
the senior secondary school level the introduction of a course on 
science, technology and society is desirable. But the decisions 
and governmental response to all these are often taken at the 
Ministry level where in most cases officers not very well informed 
about or interested in projects kill them by their actions or 
otherwise. It was therefore justified that to be more effective 
at motivating those that matter in the system, the science and 
society course be introduced at the postgraduate level in universities 
^Ii>K°S^^ f institutions where those that are directly concerned 
with the implementation and formulation of government policies go 
to study. In addition it serves to inform and prepare science 
teachers, who come foL their postgraduate training, for more 
effective teaching of science and th- Incorporation of the social 
aspects of science and technology in their lessons when back on the 

jOD. 

^^^A the Ahmadu Bello University, Zaria is the only 

University in Nigeria that offers the ^science andisociety course 
at the M.Ed level. The course which began in October, 1981 derived 
its alms and objectives and motivation from the U.K. Science in 
|££i|t^«nd the S^ courses. The British Councils Internatio nal 
Workshop (course No. 428) on Science, Education and Society of 
July/August, 1984 held at Bradford in the U.K. m ^hich I participated 
also helped in the evaluation of the course and providing a re- 
assuring impetus for its continuation. According to Uwis (1979) 
who is one of the gre^t proponents of the STS course, the 'major 
problems of the world-energy, mineral resources, population, health 
etc., - are issues which will dominate the lives of the children 
we are educating. All these themes have a strong scientific component 
^ and a greater awareness of them should therefore be included in the 
^ science education we provide for vounaer* oeoole'. 
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The Science and Society course ac Ahsadu Bello University is not 
e hard core science but a mixture of scientific issues in a sociolo- 
gical setting that tries to -portray how nodern thinking seos science 
from the point of view of social relevance* It provides a:, avenue 
for people to discuss very freely issues that affect the dally lives 
of everyone in the country* 

Content 

The content of the course consists of topics like science in the 
service of oan, scientific literacy, the social disension of science 
pollution, transfer of technology and the developing countries, 
science and politics, science end war, living in a post-industrial 
society, science as a social institution, computer and science 
education to mention but a few* 



Evaluation 

In its six-year existence the course has the highest acceptance 
ai&ong all M.Ed courses by all the 41 students who have taken it. 
It has aaong other things (1) developed a lot of interest and 
enthusiasm towards the problems and benefits of science and technology 
(11) been^of immense value to curriculum developers, educational 
administrators, science educators > *1 teachers, sociologists, and 
others who have attended the cour&o «ind who would in the near future 
be faced with the development of or and Implement policy decisions 
about a similar course at the secondary school level in Nigeria; 
(ill) exposed students to a new thinking in the understanding and 
teaching of science as well as the dynamics of a scientific 
community. 



The Future 

Just like the Integrated science movement, the STS needs to 
assert its presence as a more valid way of looking at the interac- 
tion between science, technology and society. It needs to create 
more awareness world-wide possibly with the assistance of global 
bodies like UNESCX) with a view to making sure that it is a part of 
the school curriculum. Before these, however, the STS needs to have 
res'jlved issues like : 

(1) globally acceptable nomendatMre 

(11) establishing the foundational structure of the 
STS; 

(ill) determining its basic currlcular and 
instructional structures in schools 
as well cs determining which of the 
'S* in STS gets the emphasis; 

(Iv) training of teachers - in whatever form - 
to handle the course; 

(v) creating an outlet globally for inclusion 
in all literacy programncs* 
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For our parts in Nigeria and particularly at Ahaadu Bello University 
the hope is that the, Science ax)d Society course will (a) soon be a 
University-wide course at least as an elective; (b) have a diffusion 
efijct to percolate to lover levels of education; and (c) in due 
course be nationally accepted as part of the school curriculut . 



Conclusion 

Teadiing and creating an awarei^ess of the social functions of 
science in a developing country is an uphill task. But the 
exciting experience at Ahnadu Belio University seems to indicate 
that the future has a lot of prospect. 
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Prc'-University Education in Nigeria 

(a) The pre-University educational system of Nigeria has made a 
transition lately irom the British to the American model of 
schooling. The country now operates a 6 year primary sc'iool 
(approximate school leaving age of 12), 3 year Junior 
Secondaty School (approximate graduating age of 16) and 
3 year Senior Secondary School (approximate graduating age of 
19). The 4 year University education draws undergraduates 
through a national matriculation examination, while candidates 
with qualifications like A-Uvel, IJMB, NCE, ND enter at 
appropriate levels. 



(b) Tlie paper preared for this symposium firs Into the University 
bracket of the Nigerian educational system. 



(c) Autobiographical Notes : Dr. Olugbemlro Jegede is the IVsad of 

Science ::dl*>catlor. Division and the Assistant Dean (undergraduate) 
at the Faculty of r'lucar.ion, Ahmadu Bello University, Zarla. 
He holds a B.Sc* (Ed); M.Ed (Sc. Educ); from Ahmadu Bello 
University, Zarla and Ph.D (Science Educ.) from the University 
College, Cardiff, Wales, U.K. His occupational experiences 
include being a Science Instructor at the Nigerian rillltary 
School (1972) and the Editor of the Ahmadu Bello oulverslty 
fjrom 1976 to 1977. He was the National Vice-President of the 
Science Teachers' Association of Nigeria (STAN) from 1982 to 
1985. The course 'Science and Society* being taught at the 
Masters* degree level at the Faculty of ./lucatlon, Ahapdu Bello 
University, was designed and Introduced by Dr. Jegede in October 
1981. He is the author of several books and articles which 
Include Primary Science Teaching (Macmlllan, 1980); Tropical 
Biology: A Practical Course (Macmlllan), 1982) and c«>-authored 
A New Integrated Science Course (Macmlll<in, 1986). 
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THE SCIENCE TECHNOLOGY SOCIETY COWONENTS IN THE 
ONTARIO SCIENCE CURRICULUM FOR THE 80 •S 

Prof. H. Dene Webber (Canada) 

The Ontario Science Curriculum has been undergofng a massfve 

nri i^^f^i I' I" ^^"^ dovelopiBental stages at the 

prewnt tfwe and will be <»pl2iw»nted in total into the public school 

Kd'seTt?Se"l990? "^''^'^ ' '''''^ '^'^'^ 

The currfculuw gufdelfne develooed consists of 15 parts. It 
outlfnes fn detafl the expectations of the Ministry of Education for 
the developnent and inplewenUtion of science courses in the 
intermediate and S .ior Divisions of our public school system in the 
Province of Ontario. Part I of this document sets the stage for the 
science program; it esUblishes the framework within which all of 
the science courses described arc to be taught. The course 
descriptions include specific subject matter, while part I prescribes 

coS«^^°7So!?1"^*7 components that are essential to the scTSHHi 

courses (goals and aim^ of education and the role of science in the 
curriculum, the scienc. student in our schools, language in sci^^^^ 
T;^*?^"!; "^^^^5 education, aspects of 

planning and staff development, necessary 
InH JlnilL^M^'''" J^^^^^'^ cvaluation procedures). In designing 
and implementing science courses at the local level, these comoonpnts 
njust be blended with the subject matter outlineHn^he cour^^ 
oescrlptions. 

1 J^*! r?"^*^ °f curriculum in science programs for grades 7 
to iz and the Ontario Academic Courses has resulted in the 
development of 27 new science courses for implementation. The 
courses to be offered at each grade level are outlined in Table 1. 

Science programs are to be designed to meet definite 
!!!E?iJ!m«II^*^ Such expectations include the acquisition and 
application of knowledge in the content of science and the 
development and application of slcTTrTTn the process of science. 
Attitudinal Objectives are to be woven into tHTTlBric of the 
knowledge and skill objectives to emphasize the fact that science is 
JhSl??^- All of these objectives must b1 i;SegratJd"into 
the suDject matter of the science courses designed in order to 
provide a proper emphasis among the affective, psychomotor and 

i«u« o? ??^In' ''S^*^* ^0 the needs and 

issues of living. Effectively designed science courses, then, must 

II;olo^^**'^^*^' student is to feel, to do and to know. invanSbly, 
^"M!:^' ^^^'ell balanced i^ 

the courses, require consideration of scientific technological 
applications and societal implications. cnnoiogicai 

becominn offI!!M;f^°lr.?"''P°"^ education is to assist students in 
becoming effective citizens who can understand and intelligently 

^^^^^y- ^icience educat on plays an 
important role in achieving this goal. Hany of to-day's mokt 
difficult societal issues are related to the use of science in 
awdifying basic conditions of life and shaping the future. 



Authortied Science GutdeHw Courses. Intemedtate and Senior OtvUtoni 



Grade 7 


Science 


Grade 7 


Grade 6 


Science 


Grade 6 


Grade 9 


Basic level 
Science (SHC 16) 


General level 
Science (SHC IG) 


Advanced level 
Science (SNC lA) 


Grade 9 


Grade 10 


Science (SNC 3) 


Sei»nc» (SMC ?Rl 

tnvironnental Science (StH 2G) 


Science (SNC 2A) 
tnvironnental Science (StN 2A) 


Grade 10 


Grade 11 


Science (SNC 3B) 


Applied Biology (S6A X) 
Applied Cheslstry (SCA X) 
tnvironinental Science (StN X) 


Biology (SBl lA) 

Chemistry (SCN 3A)» 




►Any. or* 
of th( 


Grade 
e 

»$e— 1 


11 


Grade 12 


Science (SNC 4B) 


Applied (>hysic$ (SPA 4G) 
tnvironnental Science (StN 46] 
Technolo9ica1 Science (STE 4G) 


tnvlronaental Science 
Geology (SG£ 4A) 
Physics (SPH 4A) 


(Sti 


4A) 


GrK^e 


12 


OAC 

Note: 


Prerequisites to the OACs are shown by arrows 


Biology (SBt 0A)«— 
Chenistry (SCM OA)-^ 
Physics (SPH OA)**— 
Science in Society (SS 


^ CA)«4— 


OAC 
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By focussing on science-related issi»^s,. science education can 
contribute to the building of effective citizens by helping students 
to acquire decision^iakinq skills* to develop values and» if 
appropriate to reserve Judgement for a future time. The study of 
issues in the science classroom will also provide students with the 
opportunity to C!iink clearly and logically and to deliberate honestly 
and openly. Other values reflected in actions such as taking a stand 
against unnecessary pollution* maintaining premises in good 
conditions » seeking both the weaknesses and strengths in a theory, 
demanding substantive evidence* and considering societal consequences 
of scientific discoveries are also encountered in discussing issues 
and in forming sound opinions. 

Further/ because issues frequently contain imporvcnt moi^^l 
components, students have the opportunity to consider the ethical 
implications of various points of view in the light of fundamental 
societal values. 

Science Education which focuses on issues is personal and/or 
relevant science. When students experience science from this 
perspective, they feel more than a passing interest in the 
investigative process and in its potential solutions. However » one 
must take special care when using issues as organizers for the 
science curriculum. To adequately study a science-related issue, one 
must include three elements in that study: Scientific knowledge, its 
application as technology, and the resulting societal implications. 

To achieve this major purpose, each unit of study in each course 
includes mandatory sections on practical applications and societal 
implications. Each unit in every course contains the following 
subheadings: 

1. Objectives: attitudes, skills, knowledge (intended curriculum) 

2. Student activities 

3. * Applications 

4. * Societal Implications 

5. Evaluation of student achievement 

6. Safety considerations 

7* Possible extensions (Enrichment) 
8. Some teaching suggestions 

* These sections, in each case, are intended to illustrate the use 
and relevance of science and the interaction between science and 
society and to add interest and excitement to the subject matter. 

In addition to the sections on applications and societal 
implications in each unit of each of the twenty-seven courses 
developed, there are completa units with a science, technology, 
society focus included in t!ie grades 9 and 10 Science courses and the 
grade U Chemistry course titled Science and Society, Waste 
K:inagement and Industry and Society rerpectively. An Ontario 
Academic Course titled Science in Society has also been developed for 
non- science oriented students. 
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To Illustrate the direction and the emphasis of the Intended 
treatflient of the Science* Technolosy* Society Components In the 
Ontario CurrlculuM* the following outlines of portions of units, 
units and courses are presented* 

1. The grade 9 Advanced Level Science Course Is composed of six 
core 

units. 

a*^ Structure of natter 

b) Chenlcal Change 

c) Geometric Optics 

d) Cells and Cell Functions 

e) Green Plants 

f ) Food and Energy 

and three optional topics 

a) Science In Society 

b) Science Project 

c) Locally Designed Unit 

one of which Is to be developed for presentation. Within the core 
unTt* Cells and Cell Functions the, following applications and 
societal Implications are offered for consideration and are 
mandatory. 

Applications; 

a) Microscopy Is used In almost all scientific disciplines 
Including geology, metallurgy, forestry, physiology, medicine^ 
chemistry and physics; 

b) Scientists use their knowledge of cells to study food 
production, genetics and the effects of pollutants on organisms; 

c) Our knowledge of cell structure and function has contributed to 
the battle against diseases as Inalcated by Immunization and the use 
of antibiotics* 



Societal Implications : 

a) As a result of research on cells, human health and nutrition has 
been Imr.roved and new treatments for diseases have been discovered* 
Conseqi'sntly the average ^Ife span of humans has been Increased* 



b) Cell cloning as a vethod of reproduction and genetic engineering 
as a technique for deliberately altering the chromatin of organisms 
may have economic, legal, and moral consequences* 

c) An understanding of cell maturation and ageing may help humans 
more effectively control the ageing process* 

Within the optional units suggested a unit on Science and 
Society Is outlined* The unit provides opportunities for students to 
make Informed decisions about social Issues that are part of their 
lives* The Issues selected for study have a significant science 
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component tnd are topical. Interesting and Important. One goal of 
the unit Is to prepare young people to make rational and ethical 
decisions. The emphasis In the unit Is on the process usJd to reach 
a rational decision rather than the decision Itself. As a result. It 
Is hoped that the student will gain an Insight Into some if society's 
specific problems and examine the role of his/her own values and 
beliefs In the possible solution to such problems. In the 
development of this unit. It Is essential that the students come to 
realize that In dealing with social Issues methods of science alone 
will not lead to a solution to the problem. Science must share 
Information and techniques with law, economics, religion, politics 
and technology In order to arrive at a workable solution. This unit 
on Science and Society contains teaching suggestions for one sample 
societal Issue from each core unit. There are many societal Issues 
mentioned In each unit of this course. It Is suggested that the most 
appropriate way to iwplement Science and Society would be to study 
one or more of the societal Issues raised during each unit rather 
thar; In a single block of time at the end of the course. It Is 
recommended that the Science and Society unit be Integrated with the 
core units as the year progresses. The Issue described for core unit 
2: Chemical Change under the topic: Physical and Chemical Changes 
Is the conflict between the harmful and beneficial effects of a 
chemical or physical change. The teaching strategy suggested In this 
instance Is the evaluation of alternatives - problem solving. The 
unit (topic) Is divided Into the following areas for discussion: 

Recognition of an Issue and the domains of knowledge Involved, 
scientific facts, assumptions and limits of science. 

Decision making processes, 

itecognltlon of values and beliefs. 

Much flexibility Is provided In this unit. It is stressed that it Is 
not necessary to use the Issues described. Ka^y other problems exist 
which can be related directly to the content of this course. 



2. Grade 11 Advanced Level Chemistry Is composed of seven core 
units 



a) 


Hatter 


b) 


Elements and Bonding 


c) 


Gases 


d) 


Chemical Reactions 


e) 


Chemical Reaction Calculations 


f) 


Solutions 


9) 


Industry and Society 



The unit on Industry and Society Is a totally new concept In 
Ontario Curriculum and Is intended to provide a Science and Society 
focus-In the course. The purpose of this unit is to provide students 
with opportunities to consider their responsibilities as citizens in 
a tpchnologlcal society, to acquire some of the scientific and 
tec( f 3g1cal knowledge that they will need In order to m^ke Informed 
decisions, and to understand the role played by a particular chemical 
industry as it supplies products to satisfy the demands of society. 
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Mo specific ch«iic«] Industry Is Mndated for study. Any nm^er of 
different chemical industries could be chosen for study «nd could 
logically be based on industrial developiwnt in a given region. 

The unit My be divided into the following topics: 

a) Chenicals produced by an industrial sxiety, 

b) Factors affectina a selected chemical industry, 
cj Location and environmental concerns, 

d) Human, resources* 

Suggested applications 

a) Chemicals and products resulting from chemical processes are 
liltJ^l «"Jen« In their homes, the school, and the coimiunity. Some 
might be related to the industry under study. 

b) Chemicals are used in lar^e quantities in industrialized 
societies. 

Some Societal Implications 

a) Much of the success of any Nation's Chemical Industry depends on 
its being innovative in Science and Technology. Intensive research 
and development by chemical industry can help Canada remain 
corcpetitive in the international marketplace. 

b) Citizens receive the benefits from Chemical Industries and, 
accordingly, must share the responsibility for helping to diminish 
the accompanying social and environmental problems. 

c) The benefits of industrial development are often accompanied by 

environmental problems, particularly in Third 

World Countries* 

3* The Ontario Academic Course (qac) - Science in Soci ety is 
composed Of six core units and xmo optional units, one of ihich is to 
be selected for study. "~ 

Core Units; 

a) Design in Nature 

b) Science at Work 

c) Life, Food, and Health 

d) Resources and Energy 

e) Scientists and their Discoveries 

f) Transportation and Communication 

Optional Units 

a) The Human Consumer 

b) Conflicts Related to Science 
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-vni^Hl^l •'*^"? ^5^<^«s]9ned to help non-science-bound students 
explore v.^t re«1« of science In the world around then both In the 

?nnfl^L*?«tn"tJwIi?"''f* ^ P"^^^^^ students-*1th 

Insights Into the following Issues: 

a) Whit scientists do 

b) Characteristics of good science 

c) Areas of science In which Canada excels 

d) The role of citizens In Influencing the wise use of 
scientific discoveries 

e) Conflicts which n^y arise in wiety when scientists, 
politicians and econonists givf different 
interpretations to scientific data* 

fM^.Il^''**^ outco«» will be that students will view 

?n;!2 * enoeavour. The course offers a holistic and 
ISj^^r?^*^ IJP^'^^r^J^ the students rather than a specialized 
iZidl i nn^'JU^S^?^''^?""" ^Chefflistry, Physics Snd Biology) 
provide input wtiich the science teacher is expected to present to the 
non-science oriented student in an Integrated way. 

^ ^" unit "Conflicts Related to Science", the following 
controversial scientific topics are suggested for discussion/ 

a) Conflicts associated with reference frames, eg*, Copcrnican 
^ Revolution, Galileo and the Church, i-opcmiwan 

b) Nuclear Power, 

c) Population Control, 

d) Food Additives, 

e) Theories of the Origin of Life, 

f) Genetic Engineering, 

g) Animals used for Research, 

h) The Balance of Nature* 

The Ontario Ministry of Education has prescribed the inclusion 
curSJ2Sl « ;PP^"t1ons and sxietal 1n,pl?cat1ons in our ^ience 
th^ c^kI^.; * V^^^t fo'' rfo^ng so has been provided and 

the subject content has been designated* The sriccessful integration 
?V 1 /?"^^"^ Into the science curriculum will be difficult and the 
flw'^ntation of these components of the curr culum il?l be 
limited, if successful at all, for a variety of reasons* The 
ixSS^fon^/fl 5^ «ost part, do not have the necessary background and 
f^Sc K ? ^ ? in-service programs are planned to provide 

this background and experience* Consequently, it is likely that onlv 
a few interested, highly motivated teachers Jill becomrinUvId* No 
h!!^2?j!i;?' ^''^o^^ered as to how these sections and /or units m ght 
Sescrfb^S^'^iXo^"^"?."*^"*^ ^"^ the various units and/or coSrses ^ 
*nw5«; • provided simply as add-ons to the units 

and/or courses with no intention that the content be developed in 
detail* It is left totally up to the teachers to decide whit should 
be done and how it should be done* No resources arrprovided Ind no 
?iMfufr.S"" for developing required resources for use in 
vichleving the proposed objectives* Insufficient time, after the 
prescribed content of the discipline is presented, is available to 
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idcquately tr««t the content related to Science, Technolosy and 
Socltty that U prescribed. Unless sone radical changes are nade. as 
part of the f«ple^ntation process, to alleviate these problems, the 
Science, Technology, Society Challenge offered in the Ontario Science 
Curriculw will not be Met. 

Refere:H:e 

Science Curriculum Guideline, Intemediate and Senior Division, Pre* 
Edit Drafts, Parts 1 to 15, Ontario Ministry of Education and 
Ministry of Colleges and Universities, Oecenber, 1985. 



Statement regarding; 

•)) The Pre^'University Educational System in ay Country^ 

The pre-univcrsity education of our young people extends over 
a period of 14 years. There are three over-lapping stages in 
the systeii; 

i) Priwary-Junior which extends from Kindergarten to grade six; 

ii) Junior-Intenaed^^ate which extends fron grade four to grade 
ten; 

iii) Intermediate-Senior which extends from grade seven to grade 
thirteen (the OAC courses). 

On the average, students start school with Kindergarten at age 
5. At age 10, the students move from the Primary division 
(Kindergarten to grade 3) to the Junior d}vision (grade 4 to 
grade 6). At age 12, the students move from the Junior 
division to the Intermediate division (grade 7 to grade 10). 
At age 16, the students move from the Intermediate divivi^n to 
the Senior division (grade ll to grade 13 - OAC Courses). On 
the average, students enter university at age 19. With the 
new guidelines and policies related to the new curricula being 
implemented, the stjdents may enter university at age 18. The 
mode of assessment used for university entrance is totally 
school based. Assessment is multifaceted. A wide variety of 
assessment techniques are used to evaluate all aspects of the 
student's perfomance. A minimum of 30t anTa maximum of 501 
of the assessment is examination based. The remaining 50t to 
70t of the assessment i* based upon the student's term work. 
University entrance is based on the grades submitted to the 
university by the srhools. 
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b) The paper prepared fits fnto the IntennedUte-Senlor Division 
of our educational systen In OnUrlo (Canada). 

c) Brief autobiographical note; 
Ed ucational Qualifications 

B.Sc. and M.Sc. in Chemistry, 1951, The University of 

Uestcm Ontario, Londcn, Ontario 

Specialist Teaching Certificate In Science, 1952, College jf 
Education, The University of Toronto» Toronto, Ontario. 

InterlBi Principal 's Certificate, 1963, The Ministry of 
Education, Province of Onterlo, Toronto, Ontario. 



Employwent History; 

Teacher of Science, 1952 - 1958. 

Head of the Science Department, 1958-1964. 

H.B. Beal Secondary School, London, Ontario. 

Vice Principal, Clarke Road Secondary School, London, Ontario, 

1964-1965. 

Associate Professor, Science Educ&tlon, I965-)971. 
Professor, Science Education, 1971 to present. 
Coordinator of the Science Oepartnient, 1974 to present. 
Faculty of Education, The University of Western Ontario, 
London, Ontario. 



Publications; 

Secondary School Chenlstry Textbooks 

Chealstry- A Search For Understanding Book I. 

Chemistry • A Search For Understanding; Laboratory Kanual, 
Holt RInehart and Winston Company of Canada. Toronto, 
Ontario, 1971. 

Nunerous papers on Currlcultn and Instruction In Chealcal 
Education at the Secondary School level. 

Reaction papers on the state of Cheslcal Education In Ontario. 

Hajor contributions In Currlculua Develcpiient In High School 
Cheslstry, 1969 - 1987, with e«phasfs. In the last several 
years on Science, Technology and Society. 
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THE DEVELOPMENT OF A NEW TECHNIQUE FOR HONITORING 
STUDENT UNDERSTANDING OF SCIEKCE-TECHNOLOGY-SOCIETY 



Evaluating what students l«arn is a challtnge to both 
clas. rooB teachers and educational reseracherc. For sany 
teachers, such tvaluation in the science-technology- 
society (STS) doaain has been a aajo? obstacle to 
iBpleaenting STS materials in science classrooms. For 
researchers, standardized instruments have not yielded 
data precise enough to accurately monitor student 
understanding of STS* A nev type o£ instrument, an 
empirically developed, multiple-choice inventory pool, 
promises accurate data £or ^oth classroom teachers and 
STS reserachers* The purpose of this paper is to report 
on the methodology of this new development. 



The stL^y focuses on one strategy for aonitoring 
student beliefs about STS topics? namely, objectively 
scored items* Other methods such as essay writing, oral 
exasinations, reports, projects, and check lists, are 
beyond the scope of the paper* 

The STS tcpics included for consideration are limited 
to. those em^ asiiing student cognition rather than 
attitude (the distinction can often be extremely fuzzy, 
and attitude research is particularly problematic; 
Gradner, 1975; Gauld & fx\iRB, 1980; Kunby, 1980, 1983)* 
Thus, attention is not ^. Iven tc students' feelings about 
global or regional issues* Instead, the study focuses on 
the reasons that the students give to justify an opinion 
— tneir informed viewpoints, their cognitive beliefs*- 

Over the past 25 years several standardized 
instruments have been developed to quantify, and 
therefore assess, student understanding of STS topics — 
the epistemological, technological and social contexts of 
scionce* Instruments include: T est on Understanding 
Science , (Cooley & Klopfer, 1961T, Nature ot science 
Scale , (Kimball, 1965), Science Process Inventory (Welch, 
1966) , Test of the Social Aspects ot Science (Korth, 
1968), and Nature of Sclent! tic Knowledge Scale (Rubba, 
1976); and subscaies witnm; Scienti tic Attitude 
Inventory (Koore & Sutman, 1970), The National Assessment 
ot Eaucation Progress (Bybee, Barms, Ward & Yager, 1980; 
Buettle, Raicow & Welch, 1983), and Attitude Toward 
Science Scale (Hasan, 1985)* These instruments nave 
provided. empirical data for researchers, and have guided 
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policy makers and curriculum developers (Aikenhead, 
Pliiaing & Ryan, 1987), 

The instrusents, however, have a problem. One must 
assume that both the student and the assessor perceive 
the same meaning in the instrument's items, and that a 
response 'agree" or "disagree" means the 8C!*e thing to 
l:c*-h student and assessor. This assumption, called "the 
doctrine of immaculate perception" by Hunby (1962), 
originally motiv&ted this study. 



In order to improve upon the accuracy of the 
instruments listed above and to dimfnish the problem of 
■immaculate perception," students' written responses were 
investigated. Using a stratified sampling of classrooms 
from across Canada in the International Association for 
the Evaluation of Educational Assessment (lEA) science 
study, Aikenhead, Fleming and Ryan (1987) analyzed 
Likert-type and written paragraph responses from 10.800 
graduating high school students. The students were asked 
to 'iTeact to a statement concerning a STS topic by (a) 
stating whether they ««i}reed with the statenent, 
disagreed, or couldn't tell? and (b) writii.g a paragraph 
explaining the reasons for the choice. Each student had 
responded to one statement from Views on Science- 
Technology-Society (VOSTS) fo% x CDN.2 {■cdn" for 

Canada"), an instrument compsised of 46 statements based 
on 16 major STS topics (Aikenhead, 1985b). 



VOLTS Content 

VOSTS was, in part/ based on the theoretical models 
which had validated the standardized instruments listed 
above, its content also grew out of the more recent 
literature on the social and technological contexts of 
science (e.g. Aikenhead, 1985a; Gauld, 1982; ziman, 
1980), views often ignored in the earlier science 
education literature (e.g. the role of women in science, 
scientists and values, the effect of social interactions 
on knowledge discovered, and socioscientific decision 
KAking) . 



Analysis of Responses 

The paragraph responses obtained in the lEA study 
were analyzed to detect students' cotimon arguments or 
justifications (Aikenhead, Fleming ft Ryan, 1987). These 
common student positions were paraphrased using the 
students' vernacular as much as possible. The student 
positions (ranging between 5 and 13 per statement) 
constituted a rough draft of an empirically developed 
■ultiple choice, forift CON.mc.l (Aikenhead ft Ryan, 1986). 

How well did the paragraphs communicate students' 
beliefs? The next phase of the study investigated the 
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degree of attbiguity harboured by four different response 
vodes. With a saaple of 108 grade 12 students, Aikenhead 
(1987) found the following: 



The seai-structured interviews allowed the researcher to 
probe student meaning and to deal with specific issues in 
depth. It was discovered that, the espirically developed 
«ultiple*choice responses (the student positions) were 
claimed by students to be as accurate or aore accurate 
than their paragraph responses over 80% of the tiae. 



Further Revisions 

VOSTS was then revised into a aultiple->choice format, 
form C&W.BC.2. The 10.800 paragraph responses and the 
108 sesi^structured interviews guided the selection, 
modification, and addition ct a few VOSTS statesents. 
The 10.800 Likert-type responses suggested a sequence for 
the student positions for e^xch statement. Thene 
positions were recast stylistically (e.g. to give 
parallel sentence structure, without altering the 
original student paraphrases. 

In the next phase of the study, students workod 
through VOSTS form CDK.iiC.2, verbalizing their thoughts 
as they read and made their choicei^. Tney also commented 
on the clarity of student positions, the physical layouc 
of the items, the ease of responding, and the Suitability 
of the instructions. This feedback was incorporated into 
the next revision, form CDN.mc.3. 

This new version of VOSTS had 42 statements, each 
with a varying number of choices (6 to 14), and each 
ending t#ith the same three choices: (a) *I don't 
understand,* (b) *I don't know enough about this subject 
to make a choice," and (c) "None of these choices fit my 
basic viewpoint, which is (students had the 

opportunity to provide their own position). Due to the 
length of the instrument (about 75 minutes to complete), 
and due to some statements being variations on a theme, 
VOSTS form CDN.mc.3 should be thought of as a pool of 
items. Hence, various versions of VOSTS can be compiled 
by selecting items from iae paol. 

The efficacy of the VOSTS inventory pool was tested 
with approximately 1.500 high school students from across 
Saskatchewan. The conditions were typical of a large 
scale evaluation projact. Each student responded to one 
of three parallel versions of VOSTS fore CDN.mc.3. Based 
on this feedback, a small number of student positions 
were altered (according to the spontaneous paragraph 
responses received), nnd some student positions were 



response mode 



approx. degree of ambiguity 



(*ikert-type 

Argumentative paragraph 
Choice of "student positions* 
Semi^structured interview 



90 % 
50 % 
20 % 

5 % 
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deleted (those receiving less than a five percent 
response). I«prove«ents to the answer sheet were also 
aade as a result of student and teacher reactions. 

Although the issue is beyond the scope of this paper, 
„«cif in«t^«ctive to note that the student responses to 
VOSTS ^or« CDN.«c.3 express, aore accurately than the 
paragraph responses did, the beliefs about STS topics 
that Saskatchewan students hold. Thes« results s^^v be 
cautiously generalised to the national level, be^«*ise the 
variation in student positions aaong the regions of 
Canada is negligible (Aikenhead £ Ryan, 1976). 



Conclusion 
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The end product of this study, VOSTS form CDN.ttC.4, 
is a reasonably accurate, efficient tool for «onitorinq 
student viewpoints on the following STS topics: 

Science and technology 5 items 

Technocratic/democratic decision making 8 items 

Scientists and socioscientif ic decisions 1 item 

Scijnce/technology and social problems l item 
Influence of society on science/technology 5 items 

Social responsibility of scientists 3 items 

Motivation of scientists £ Jtem 

Scientists and their personal traits 7 items 

Women in science and technology 2 Hems 

Social nature of scientific knowledge 1 item 

Characteristics of scientific knowledge 6 items 
(scientific method, models, classi- 
fication schemes, tentativeness) 

Because VOSTS is an item pool, any particular combination 
of items liay be selected by the user and edited to 
replace Canadian references with, for instance, German 
(Deutschland) references — form D.mc.l. one always has 
the option of replacing the multiple-choice responses 
with paragraph responses. One can also add new 
statements to the VOSTS pool and then analyze the 
paragraph responses as outlined above, thereby generating 
« set of student positions for c new STS topic. 

VOSTS form Ci)N.mc.4 does not encompass all STS 
topics. Xt could be expanded to include, for"cxample: 

(a) politics and science, specifically the new alliance 
between university labs and industry (Dickson, 1984); (b) 
specifically topics of design, resources, R. 4 d manage- 
ment, appropriateness, and transfer (Harrison, 1980; 
Pacey, 1963; Ziman, 1984). 

The VOSTS inventory pool can serve as a point of 
departure for (a) creatf ig an international item pool, 

(b) developinq items for other STS topics, (c) making 
cross cultural comparisons, and (d) generating a custom 
evaluation instrument to suit a particular STS curriculum 

offers accurate data and 
administration ease for both classroom teachers and STS 
researchers* 
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Pre-University education in Canada 



Canada has 1? provinces and 2 territories. This results 
in 12 differv it independent educational systcas. Tha 
following is 4 rough suasary: 

Kindergarten to grade 6 (ages S to 13) — "titaentary* 
Grades 9 to 12 (ages 14 to 17) "high school* 

(High schools vary froa strictly acadeaic to including 
both acadeaic and vocational streaas of, students.) 

Variations in soae provinces: K. to gr. 6 (eltaentary) 

gr. 7 to 9 (junior high) 
gr. 10 to 12 (high school) 

Ontario, with about hal^ of Canada's school population, 
offers grade 13, an acadeaic year in the high school. 

The research and developaent described in this paper 
applies to students in grades 12 and 13. 



Autobiographical Note 



Born and raised in Alberta, Canada, I have taught 
high school science c.nd aatheaatics in Alberta (1966-67), 
at the Frankfurt International School (West Geraany, 
1967-69) and at the Leysin Aaerician School (Switzerland, 
1975-77). My foraal education qualifications are: 
Honours B.Sc. (cheaistry. University of Calgary, 196S), 
Master of Arts in Teaching (sciencv education. Harvard 
University, 1966), and Doctorate of Education (science 
education. Harvard University, 1971). Since 1971, I have 
taught in the College of Education, University of 
Saskatchewan, Saskatoon, Canada, except for the two years 
of teaching in Switzerland. My publications have 
principally dealt with the evaluation of student learning 
(e.g. ay doctoral dissertation, 1971^ and the present 
paper), science education curriculua policy (e.g. Science 
in Social Issues , 1980), curriculua developaent projects 
related to STS (e.g. Science: A Way of Knowing , 1975, 
Scientific Decision Making , 19B4, ard Logical Reasoning 
in Science t Technology; Alcohol, Jriving & You , in " 
press), and ethnographic studies (e*g* "Prairie High**, 
1982). 
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A COMPARISON OF STUDENT/TEACHER POSITIOHS 
on SELECTED SCIENCE/TECHNOLOGY/SOCIETr TOPICS: 
A PRELIMINARY STUDY 

by 

Herbert X, Brunkhorst 
California State University, Long Beach 
Long Beach, California 90840 
U*S.A. 

The purpose of this paper is to share some preliminary data froo a study 
which is currently in progress in the United States. Ihe study is using a 
■odified version of nineteen statements from the Interaction of Science/ 
Technology/Society Section of the Views on Science, Technology, Society - 
Form CpN-2 assessment instrument designed by Aikenhead, Fleming, and Ryan (1987), 
The VOSTS assessment requires the respondent to make an initial choice of 
°^ ^^^^ followed by a written argumentative response to 

the S/T/S statement. Rather than analyzing the agree/disagree answers as is so 
k^^unSro^ ^" assessment instruments of this type (TOUS, NOSS, SPI, TSAS), 
the VOSTS uses the respondents arguments to define various positions or view- 
points on each S/T/S topic . This approach to the assessment of S/T/S under- 
standing emphasizes cognition through concentrating on informed opinions. It 
also attempts to overcome what Munby (1982) has described as "the doctrine of 
immaculate perception." The "doctrine" is often harbored in objectively scored 
tests where a respondent's choice carries the implicit assumption that both 
the respondent and the researcher perceive the same meaning in the test item. 
V^at is of ten overlooked is that the respondent makes his/her own meaning out 
4 ^' result is what appears objective to the scorer becomes quite 

subjective to the respondent. It has been suggested by Aikenhead, Fleming, and 
Kyan (1987), that a multiple-choice format for VOSTS is possible by using the 
-respondent's positions as choices and by using each pair of statemtr.ts as a type 
of stem. The fact that the wording itself originated from a large respondent 
sample might reduce the "immaculate perception" problen. 

This study used a stratified sample of 564 students from schools in Iowa, 
California, Massachusetts, Utah, and Wyoming. The students ranged from 13-18 
years of age with a mean age of 15 years old. Students were enrolled in one 
of the following types of science classes; earth science, physical science, 
life science, biology, chemistry, or physics. The teacher sample consisted of 
ol teachers from schools in California, Iowa, Massachusetts, Utah, and Wyoming. 
Teachers ranged from 25-60 years of age with a mean age of 43 years old. 

All of the teachers involved in the study taught either science or S/T/S topics. 
The student sample had 52% females to 48Z males, and the teacher sample had 56% 
females to 44X males. 

The only modifications made in the VOSTS - Form CDN-2 as used in the United 
States study involved changing the words Canadian and Canada to American and 
United States, respectively. Otherwise the content of the statements was 
unchanged and the format consisted of using a statement paired with its converse. 

The United States study was modeled after the study -arried out by Aikenhead. 
Fleming and /an (1987), with a large sample of Canadian students. In the U.S.A. 
study, both stu-ient and teacher populations recei ed a random sample of five* of 
the possible nin^^een statements. The respondents were asked to make a choice 
of agree/f'lsagree/can^t tell followed by an argumentative position explaining 
why they selected the choice they did. This format generated least 138 student 
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opinions for each statemni, and 12<^18 teacher opinions for each stacenent* 
These opinions were than astevbled into a collection ^'Student Positions** 
and **Teach«r Positions.** All student opinions for t given S/T/S statement 
.'ere u$t^ to ensure **theoretlCftX saturation** (Glassr and Strauss, 1967) • 
Saturation is 8 sociological research technique which Inplies that as the 
researcher observes $iailar responses over and over again, h«/she becooes 
empirically confident that a particular category is saturated. For this 
study, saturation would inply that after reading anywhere fron 85-135 usable 
student opinions the researcher could feel confident that no different 
opinions would be found regarding that particular S/T/S stateaent* This 
points up a severe limitation in the collections of **Teacher Positions** 
at the time of this writing. The number of teacher opinions ia well below 
the accepted level for **theoretical saturation.** Howover, the •*Teacher 
Positions** have been included to at least examine any trends which might 
exist. It is expected that a larger teacher data pool will be available 
for analysis by the time of the Symposium Meeting in August* The reader 
should be aware that the **Teacher Position** percentages are somevhat 
inflated due to the low numbers of opinions in each collection* 

Another limitation of the study at tnis time is the lack of establishing 
a closeness of fit between respondent's opinions and student/ teacher positionr. 
I am currently working on the stjdy alone and have only been able to perform 
cross-checks on myself* In an attempt to at least address the issue, a sub- 
sample of fifty percent of the student and teacher responses were randomly 
selected for seven o*. the nineteen statements. This was done one week after 
the initial analysis. The reliability of categorizing ranged from 76% to 96Z 
with a mean of B6Z agreement. 

As in the case of the study completed by Aikenhead, Fleming, and Ryan (1987), 
a respondent's overall reaction, e.g. agree, disagree, can't tell, was open to 
frequent misunderstanding. Oftentimes, respondents would agree and disagree 
with a particular statement but offer the same Justification. Therefore, the 
centre^ focus of the analysis became the respondent's argumentative statement. 
When respondent expressed more than one position, the one indicated as most 
impor.^nt was used. After deciding which opinions were clustered in the same 
categories, the opinions became student or teacher positions. 

Two other types of categories were used, "unique responses" and not usable. 
Unusable responses included those for which, 1) no opinions were written; 2) the 
original statement was simply repeated; and, 3) the opinion had nothing to do 
with the statement. "Unique responses" were those opinions which pertained to 
the statement but lay outside the content of all other opinions presented. 

Both the **Student Positions'* and **Te*'cher Positions** are shown as a percentage 
of students or teachers holding that position* This percentage is based on the 
number of usable responses. All percentages are rounded off to the nearest whole 
number. The proportion of unusable responses is reported on the bottom of each 
tabulation as a percentage cf the total number of sheets analyzed* 

Entire analysis of the study is beyond the scope of this paper due to 
restrictions on length. Therefore, discussion of ten of the nineteen statements 
will be made in this paper with the remaining data being shared 5.n the formal 
presentation at the Symposium in August, 1987. 
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TABLE 1 



LI Sciaitlsts and o^ginnrs fihould be given the authority to decide a»t types of «ierw tie Ihited 
^ttt will use in the future (e.g. nuclear, hydro, solar, ccal bumii«. etc.). because scientists 
cnguwrs are the people lanv the facts best. 

U Sc ientists and engineers should be the last people to be gLven the authority to decide a»t types 
SL?*^i°Vy^ wiU use in the fufjre (e.g. nuclear, hydro, solar, coal bumiM etc.). 
ncause tte decision affects everyoie in the Ihited States, the public Aould be the ones to decide. 



1.1 

49 

28 
16 



Student Rgttiore 

A* Scientists and o^ineers have voce tiainii^ ml knowledge 
in this field of energy and therefore, should be able to 
decide Oiat is best. 

B. Sdaitists and engineers knw the noet about energy, but 
the iwblic should teve sane voice in the decisicn. 

a The people should have die ri^ to A^d^ vtec type of 
energy they «nt. 

D. The jwblic really doesn't know nuch about energy and nay 
aake the wrong decisicn. 

E. Ihe scientists and engineers should inform the piM-f/- 
so that the puUic can nake the final decisicn. 

F. The governaent should have sane authority on decidii^ 

Wiich ener^gy source to use since they ara protecting 3 
our canoaa interests. 

G. The scientists and engineers know the most abcut energy, 

hoever. they nay choose die nost expensive. ^ 

H. If the choice is given to the scientists and engineers, 
they nay not know >Aat is best for the public. 

ICK and 81 of total reqwnses foi 1,1 and 1.2. restively, \jere not isable 
Teacher Rations 

A. Scientists have die expertise and the ability to know the 
i n yl ir flt io n s of all aspects of die problon. 

B. Scientists and engineers should provide inf omBtion to 
die public in turn should have considerable input 
into the decision. 

C Scie n tists and engineers should be iuluted as one of 
several voices in the decision Boking process. 

Ihique responses 

All responses for lA and 1.2. re^)ectively. were usable. 



X of Usable fesponses 



L2 
37 

21 
13 
19 
7 



X of Usablfc Responses 



1.1 

28 



61 



1.2 

60 



27 

7 
6 



er|c 



270 
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TABLE 2 



3.1 teican adLmtlsts dwild be ccncemed with tte potentlid effects ( both te^jfid ta^ hannfia) 
that Bight Tr!f!ult frcn their discoveries. 

3.2 fntrian scientists should not be concemed with the potential effects (both lelpfid md hanoful) 
that Bight result frcn their discoveries. 



Student Ibsitlag 



A* Scientists should alveys be ococerped with t}£ nitrem^ of 
their discoveries cthezvise sonetiiii^ tenible could l^ppai. 

B. Scientists can*t predi^ «hat will be helpful or tenoful. 

C. Scientists should norally responsible for tteir actiocs. 

B. Scientists should enmnrine the pros aixl cons of tteir research 
before they begin. 

E. Society should \aw all the facts unles. t}£ facts coke t}£ 
world a worse place to live, then thie facts shouldn't be ncntioned. 

F. Scientists vent the best for people that is vhy they are doing 
research. 

G. Scientists should b» concemed that their discoveries might 
fall into the wrong hands and be used for evil purposes. 

Unique responses 

21% and 2CK of total responses for 3.1 and 3.2, respectively, were not 



Teacher Positions Z of Usable Responses 

3.1 3.2 

A. The only way a democratic system can function is xf the 

average citizen is infoxnsd and bprorr^ nore loowledgeable 15 12 

about scientific discoveries 

B. Scientists oust be aware of all the pofi^hniHes and 

and eventualities of their discoveries and proceed with 69 76 

care and moral insight. 

C Scientists need the freedcm to inveitigiate and not be 
ccncemed with the of their difiCoveries. 

P. Harmful effects need to be considered, but ^lould not ^ _ 

necessarily result in abandoning the research. " 

13X and 6X of total responses for 3.1 and 3.2, respectively, were not usable. 



X of lhable fegponses 

3.1 3.2 

54 W 

11 14 

10 31 

13 7 

2 3 

2 3 

4 3 

usable. 



TABLE 3 
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A.X AKrim adcrtlsto ihoiiU be held rwponsihle for hann that id^fit result fhm their dlaooverles. 

4.2 ktaicm tdaidsu ihouU not fasve to be xtBpooemt £cr harm that ai^ rwult frtn thdr (tiacoveries. 

StuJwt lhaltlflns 



X of Usable n e spg . ses 



A. Befon glitl s f Introduce a dlaoowry, they ihould consider 
the FHults mod Mke certain the diacoveiy is aafe. 

lh» pibUc U mpoosihle since they we the diaoovoy. 

C. Sdl«tijto have no of pradlctlnB W«t wm h8n» 
therefore, ihould not be held reqncsihle. 

D. Srf mt is ts should be held responsible for Oat ticy produce. 

E. If «dentiats held accouitable. It ai^ Wnder teaeoidi 
since they would be afxvid to experljient. 

F. Society aaks the acientlst to find thii^ out; therefore, 
society should accept part of tte respcosibillty. 

« and 12X of total re^xxises for 4.1 and 4.2, re^jectively, yae not usable 
Taficharlteltlons 



4.1 


LI 


33 


22 


17 


6 


24 


21 


17 


38 


6 


3 


2 


10 



A. The miajse of the scientist's dlscxjvery Is not the fault 
of the scientist. 

B. The scimtist should be able to suggest Wiether or not a 
discovery should be put to use. 

C. Scie nt i f i c research would dialniah conslder-Hly if scientists 
were held responsible for isna that nd^ rwult fron tteir 
discoveries. 

D. It should be the re^xsnsUdlitv of the pubUc how discoveries 
are utilised. 



X of UsBble Responses 
4.1 4.2 



S3 
13 

20 

7 



8 

33 



£. Srimt is t a ihould have aone aoral responsifaillty to society. 

F* Ihere ihould be enough controls on the aysteo to prevent siy 
hmm to tne public. 

6Z of the total responses for 4.1 were not usable* 
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TABU A 



5.1 tmricm identists tfiould be held respon^hle far importing their findliigs to the general public 
in a Mmer that the amage citizen can tnterstand. 

5.2 teicn tcientists rfxxOd not teve to feel re^cnsible for reporting theur flrtflngs to the gcnend 
pjblir in a oamer thet the average citizen can undetstand. 



Student Ibsitions Xof UbMc 

5j2 

A. The public Yws a 'Vi^t to kncv." 51 36 

B. SoB» explwBtlcns in acience are just difficult for the jwKlic ^ 4 
to understand. 

C. SooBone elae should translate the wrk of the scientist so it jq 13 
is understandable to average citizen. 

D. Scientists should neke thair wrk mJerstandable to the jwblic 
90 that their discoveries can be of use. 

E. If people want to find out about a scientist's wrk, then they 2 10 
should neJce it tl^ business to i^A out for thecselvei,. 

F. It is not necessary to report a scientist's findings to the 2 yi 
average dtlzai inless the public interest is involved. 

G. If the finding is teniful the scientist should tell govenraant jq 5 
l^ders, but not tell the public because it ndfij \ cause a penic. 

H. If the govenncnt is paying for the research, the scientist has _ 2 
an obligation to report his.W findings to the jxibllc. 

I. Sciaitists shouldn't be forced to do or tell an>thing to an3fone. 7 
IIZ and 17Z of total responses for 5.1 and 5.2, restively, icre not usable*. 

Tmcher Iteitlcns X of Usable Responses 

A. New knowledge should serwe all people everywhere and thi 
scientist should t^ sone responsibility for the process. 

B. Thera are others vho cm explain or sinplify sderfe.njch core easily* 

C. Scimtists should feel responsible if such discoveries are used 
directly by the public. 

D. »->t all dtlzens are interested or have a need to knw. 

E. Not all scientific findings can be easily reported. 

F» Rroper preparation and education of the dtlzenry is the 
re^)onsibility of govemsnt agencies. 

Unique re^xnses 
FRI of the total rc^^ for 5.1 were not usable. 

273 



5.1 


5.2 


36 


50 




17 


7 


17 


7 


8 




8 


U 




7 





7a51£ 5 



6 . 1 ^^J^mcm iji i^entt nd tedrology mrr iwpn^ livis^ condltLcns fji the Ihiterf States 
M mm tJie wrU, wdarce md tadrology oOer little telp in molvl/fi luch sxial trohleos 
« poverty, criK, xxm^ikymA:, owrpopulatlGn «d t^ tftrwt of mclear; 

6.2 Sdme ml t«±n61ogy oOer • great deal of hip in ;.«o%to.? -^Waw- w poverty, crim. 
uv^aojpKnt, owpopuUtion and the thraeL of nudw » 

, SGid«tR»ltioM . ^orUaablelfapofttes 



QiWMrlM Itttd to tadnoLoor Mdi tas helped to nlvr/ 
WMf of thm ptoMmb. 


6,1 
59 


b.2 
54 


IhM « locUl ftoUm that nted t/> be aol'/od by pcis-^, 
not iclnQe ml tadmixjgy. ^ 


22 


17 


Sdonoe nl technology dul vlth probleoB cMtalde these mas. 


6 




Sdmtcz «xS tecVolpgy have created aany of theac tro»»2i«5, 
are djo capable of aolvii^ Uw. 


6 


16 


The sofvennent is respoivxible for aolvli^ these pcoblairi. 


2 


12 


Sdenoe nd technology hove ;nle thlr^ Mone, 


2 


» 


)teithcr acienoe and technolpgy, nor anyoie doe, cw -jolve 
theae problsas. 


2 





39C 5Vl AS of total responses for 6.1 and 6.2, respectively, were not u«hle. 

^l^. ^ "l^^' ^ and 35: the revises for 6.1 «wl 6.2, re^tiiely, chase 

t teU a,id aeid they did not ;ow enot^i about the or were ac6i\uUnt about the decision. 

3£S^5LB2I^Ji2« Z of Usable Responses 



A* Advances in societal and political institutions are needed 
to aolve these probloss. 


36 


6.2 
22 


B. Advances audi as problen solving techniques in acieniie sid 
tachnology have been used to solve probLeDS. 


a 


22 


C Science and technology can offer ideas, but they are cnly 
valuable if they are wd. 




44 


D» Iheae probleos are not the otxrem cf adLroe and tednology. 




11 



31X and 2Sa of total re^xsnseo for 6.1 and 6.2, respectivtdy, yat not laeblc. 
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Student and teacher positions for statements 1.1 and 1.2 in the VOSTS-Foro- 
USA are summarized in Table 1. Statement 1.1 represents a technocratic viewpoint 
and is supported by A8Z of the students and 28% of the teachers (Positions A & A). 
Student position B (28Z) and teacher position B (61Z; have a similar respect for 
the knowledge of scientists and engineers but have moved to a more democratic 
view of decision making. Stuf.ent position C (16Z) and teacher position C (6Z) 
demonstrate en even greater participatory view of decision making by the public. 
Student positions F and G suggest that scientists and engineers are not know- 
ledgeable enough about the public interest. Statement 1.2 expresses a very 
democratic position regarding energy. Though the majority of student positions 
remain stable, student position D (19Z) questions the capability of the public 
to make an informed decision about energy. This would suggest support of a 
technocratic view of decision making. Teacher position A (60Z) demonstrates 
a dramatic increase in a technocratic view of decision making. This dramatic 
increase is combined with a dramatic decrease among those supporting a more 
democratic view in position B ^27Z). It would be interesting to pursue the 
impact of the phrase, "last people to be given authority** in statement 1.2. 

Student and teacher positions for statements 3.1 and 3.2 are summarized in 
Table 2. At least 77% of the students (Positions A,C, and D) perceive science 
as und.r the influence of social control. Support for this position among the 
teachers is even greater (8AZ). There is some recognition by student position B, 
(IIZ), that science is not pretiic table in terts of use by society. Teacher 
position « (13Z) actually distinguishes between the discovery and * ? use. It 
ii of interest that student n'*^ition E would rather not receive ' ?ad news. 
Student position G begs the question of the ir^^.t of the media o. portraying 
science in evil hands. When the statement is shifted to no social control over 
science (3.2), Student position C demonstrated a gain of 212 expressing the view 
that scientists should be morally responsible. No major shifts occurred in 
the teacher positions except that position D qualified a concern for harmful 
effects but still felt that the research should be pursued (12%). In all cases 
both students and teachers seemed to zero in on the potential harmful effects 
rather than viewing the potential effects in a more neutral wa>. It would be 
interesting to as'v for responses to the same statements eliminating the words 
helpful and harmful. 

Statemer.ts A.l and A. 2 specifically address the concern of haru. Student 
positions A and D for A.l (50%) indicate a desire to have some social influence 
on science. However, student positions B,C,E and F express varying degrees of 
a more democratic view of responsibility . All of the teacher positions suggest 
some degree of democratic responsibility. However, in the more democratic 
statement, A. 2 student position D shows an increase of 21Z in scientists being 
held responsible for their discoveries. A major shift is seen in the teacher 
position E where in A.l moral responsibility was not mentioned, whereas in A. 2 
58% of the teachers supported this position. This major shift was reinforced by 
the dramatic decrease in teacher position A (A5%). 

Statements 5.1 and 5.2 in Table A, once again address the issue of social 
influence over science or a more democratic view oi no influence. The positions 
for both students and teachers are spread along a continuum which supports 
the "right of the public to know" and supports the "rights of the scientist" 
to not be forced to do or tell anything to anyone. Half the students (Position A) 
favored the public's ij.ght to know on 5.1 but when confronted with the converse 
statement in 5.2 dropped to 36%. The corresponding teacher position A had 36% 
of the teachers supporting this view on 5.1 but raised to 50% when given the 
converse statement of 5.2. Both students (Position C) and teachers (Position B) 
supported the idea that people other tnap scientists could explain or simplify 
science so that the general public could understand it. It would be worth 
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pursuing the role of popularized science magazines to see if there is any 
correlation with their use by the individuals who «?upported this view. 
Student position B and teacher position E once again supported the vit that 
i3O!0e areas of science are not able to be grasped by the public. Student 
position G suggests an approach which we saw earlier when analyzing statements 
3.1 and 3.2, i.e.. if the findings are harmful don't tell the public. 

Student and teacher positions for statecents 6.1 and 6.2 are suisaarized in Table 5. 
These statements d- «,th quality of life issues and specifically social 
problems. In respou.'ing to the statements, s-.udents tended to concentrate 
on one or nore of the specific problems whereas tJie teachers concentrated 
cn the social problems as a single entity. It would be of interest to present 
the statements with the specific problems eliminated to see if respondents 
would express their opinions any differently. The majority of students (59Z) 
supported the view (Position A), that science and technology have influenced 
social problems In a positive way. Teacher posxtion B (64Z on 6.1) emphasized 
the role of problem solving as the uajor contribution of science and technology. 
Student positions B and C felt that science and technology could not solve social 
problems Teacher position D stated that sane belief, however, the belief was 
triggered by statement 6.2 and not 6.1. When given the optimistic view expressed 
in 6.2, student position D increased lOZ, eliciting the opinion that science and 
technology had created m many of these social problems. Statement 6.2 elicited 
a much more optimistic response from teacher position C (W%) and suggested that 
people decide the appropriate use of science and technology. Perhaps the most 
significant information obtained from responses to 6.1 and 6.2 were the large 
number of students who were unable to make a response because they did not know 
enough about the topic or felt ambivalent ?baut the decision. 

In examining the closeness of fit betv^^ft student positions and teacher 
positions for the ten statements analyzed, statement pair 3.1/3.2 showed the 
least (25Z) and statement pair 5.1/5.2 showed the greatest a.^reement (83Z). 
In general the teacher positions were fewer in number , in part due to a small 
sample size. o^a** 

This study demonstrates the efficacy of the VOSTS instrument as a means of 
obtaining useful information for assessing S/T/S understanding in a variety of 
populations. It also demonstrates the VOSTS usefulness in cross-cultSral studies 
and as a potential source for designing a new ise**j-atio.i of multiple-^hoicc S/T/S 
instruments. 
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The educational prograa in cost ALjerican schools takes on the following 
characteristics: 

1) Eleaentary School - Kin^ fgarten - Crade 6; Agss 6-12 



2) Middle School 



rgarten 
Grades 5-9 Ages 11-15 



6- 8 

7- 8 



Ages 12-14 
Ages 13-14 



Junior High School 



Grades 
Grades 



7-9 
7-8 



Ages 13-15 
A. -s 13-14 



3) High School 



Grades 9-12 Ag-Js 15-18 
Grades 10-12 AguS 16-18 



The mode of asscsssont fcr entrafiCe into the university is Grade Point Average, 
Scholastic Aptittds Test (SAT) or American College Testing Exaaination (ACT). 

This paper fits into the area of STS assessment. With the current interest 
in an STS approach to science instruction in the United States, concerns are 
being raised regarding the assessment of STS understanding. 

He berL k\ Brunkhorst is currently an Associate Professor of Science Education 
and Teacher Education at California State University, Long Beach. He holds a Joint 
appointoent in the School of Natural Sciences and the Graduate School of Education. 
Prior to coaing to California State University, Long Beach, Dr. Brunkhorst was 
Director of ti.e Center for Science Education and Assistant Professor of Botany & 
Science Education at Veber State College, Ogden, Utah. Before arriving at Weber 
State College, Dr. Brunkhorst taught a variety of science courses at the high school 
and middle/ junior high school levels for 17 years. 
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RESEARCH OH STUDENTS' REACTIONS TO STS ISSUES 
(Joan Solomon (Oxford University, England) 



STS .ateriais have won .nough recognition to be included 
xn .any school science curricula it is ti«e to ass. ss the varies 
~C?!:'tltn.*'k^S introduced, the" dails ,a"c:;'7or 

such dai^ research evidence there is to justify 



Cateqorirs of STS 



«>«terials are essentiaUy InterdiscipJinary, It is not 
S^nf ft ."^'^r*" academic approach as might well be 

done at umver^ity level. The history, phUosophy and sociology 

K?"" ^»=^"P'^' ^^--V "rely figure in school courses in 
?»Inhf„T 5 T =° groupings supplied by Ziman, in 

Tgachinq and learnmo ab o ut Science and Society (1980) need to be 
sligntly adapted r etrospectively, and also given a school 
educational -fnoic:. 



X ■? ^ philosophy of science we find courses which use 
ways of kncwing- as the fundemental platform of their teach"ng. 

a IcTr*"! 'M":^* carriage of thinking and learning 

m a scientific way, with thinking and evaluating in a way 
appropriate for- making social decisions, which gives these 
t^^Vl their special interest. Aikenhead and Fleming (1975) seem 
to have beer, the first to design such a course, and I hope that 
acJrrjf"'""*^ SISCON-in Schools project (1983) may be 

eff^f^r^ *f °* generiil species. The purpose nr such 

Itrels th^ !^f"" ^"""W"" "°t far to see»<. Because they 
stress the skills ne=essary for the citizen's par ticipatw.n in 
democracy, it is clear that these form a par* of Ihe "s;:ience for 
all-movement. The justification for teaching this type of Its 
il^ educates a future generation of ytizen^^nof just 

those who may become scientists or technoogists, for the process 
Ts laid structural in that no special empr,asis 

IS laid on the facts of somt particular issues, nor on the 
scientific and technological concepts which are involved, 
examples ot social issues are used throughout such cot-ses hut 
tlnL*;! """^ thenselves. The argument ^^S^dTe !hai aU 

topical issues very rapidl. become out of date. All that remains 

s^Ll'3"^"T''*° r'^f.°* " ^'^^^ teachi^ 

Should concv^^ntrate its evforts. 

Ihfcht^ K?'!^*^ °^ the proUrrc outpouring ai STS .atTials 
which jiie have witnessed in the last few yeari^ have no such 
^n^^iV" "i^^^ exepUons iLy do no t ^oSuce 

-editions to an existing s^ence 
S^T^TLh^ ^l*""^^. * sometimes described ac "filling the 

it^terstices^ They take •>ne topic at a time and treat it as a 
particular prcjlem area, which enables different communities to 
teach about their particular issues in coinpact anH readily 
handled packages. This selectivity is even be r^»produced on a 
Village or school scale which may make the issue look parochial 
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•to an outsider but certainly gives immediacy and relevance to the 
students' own work. ^At the other extreme matei^als may be 
produced which look t'o very large problems such as Nuclear Power 
or Nuclear Weapons, b\\t still the approach is one oi 
problematique, as Ziman (1980) culled it. 

There are several proposed educational justifications for this 
kind of work, over and above the interest and relevance of its 
r «terials. The units not only U L.^ variety into the science 
curriculum, they also lend themselves to new ways of teaching 
using simulations, large and small group discussions, and 
••gaming". In as far as these activities promote skills not often 
in demaiK* during science lessons, this category of St 5 broadenr 
the learning method and contributes to a more holistic school 
experience. It may alsu be that it appeals more to girls than 
does traditional science teaching (Harding and Sutoris 1983). The 
question to be asked of this ^ort o^ work is that if it is only 
occasional within the normal teaching of traditional science how 
■far will it teach or train students in these new skills, or 
-switch-on- - the term used by Jan Harding in her work on the 
science education of girls - *-hose who do not usually find 
school science interesting. 

Finally there is a third category in which this question of the 
whole nature of school scierice is tackled directly. The Dutch 
PLON Project, and the S-STS project at the University cf 
Pennsylvania have both determined co develop science materials 
which are deeply imbued with the STS approach, and which are 
used to teach all the science content of one or more years of 
schooling. Here, they argue, there will be no conflict between 
the authoritarian face of "normal" school science and the 
essential negotiability of the STS approach. Clearly large funds 
and government backing are needed for such projects since their 
aim is no less than a change in the whole nature ov science* as it 
is experienced by school students. We can hardly be surprise:?^ 
then, at how few of these syllabuses have actually emerged. It 
may be that the inaugurators of these courses use arguments from 
the modern sociology of scit.ice about the consensibility of 
.knowledge. Nevertheless it uoes seem that their major 
justification is best stated m educational rather than academic 
terms. They believe that high school students would luarn science 
better, both in the traditional sense of being better equipped 
Nith science process skills and knowlei'ge, and in terms of the 
pleasure and interest that the rLudents take in th«?ir studies, if 
science were presented in this totally new way. 



Evaluation through research 

The main purpose of o,Jr prcmliminary categorisation of STS 
courses bv their educational intention is to assess what claimr 
there are which educational research needs to examine. The lack 
of this research has often been bemoaned an'J the situation is 
only very slowly improving. 

First we need a recapitulation of the claims being made by the 
different types of STS courses. They may be listed as follows:- 
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1. is « need to differentiate between the different ways of 
knowing if students are to uncJerstand STS issues and sake 
informed decisions. 

2. The inclusion of more "relevant- topics increases the students 
interest in and enjoyment of science. (This needs to be extended 
to the effects on girls' interests and also the use of the 
different learning methods which are not often met in the normal 
science classrcjomJ 

3^ STS course can be used for teaching the complete range of 
school science skills and concepts. 

This identification of research needs wiU be followed, in my 
presentation, by a brief resume of the research results produced 
so far in each of the three categories. This will look 
particularly to the work of Reming, Maple, Solomon, and the 
Assessment of Performance Unit. 

Finally some new research will be reported based on responses 
from British eighth and elaventh grade students. 
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SCIENCE AND SOCIETY IN THE SECOND lEA SCIENCE STUDY : 
AN ISRAELI PERSPECTIVE 

by Pinchas Tamir, Hebrew University, Jerusalem 

1 Introduction 

In the first conference on world trends in scz<mce education which took 
place in Halifax in 1975, I discussed curriculum development anl 
in^le&^ntation and identified a number of future trends in science 
curricula. One of these trends was 

Science curricula will deal oorv? with tu$ interface between 
science and society ard will atttTi5)t to build in students 
an iiage of science vrtiich is more congruent with current 
conceptions of historians and philo.-opiiers of science. 
( Tamir, 1980, p. 75 ) 

In the last decade we have indeed witnessed' st great number of efforts 
to increase the place of issues related to science and society in our 
classroc^s and to make science education more relevant to the lives of 
students while they are in school as well as later on when they become 
adult citizens responsible for 1115)0 rtant decisions related to survival 
(Watson, 1930), economical development fWanchoo, 19^.0) and personal 
everyday life (Aikenhead, 1980; Fensham, 1981; Hurd, 1982, 1985; 
Sood, 1982). 

The Second lEA Science Stjdy (STSS) was designed to assess the science 
achievement, attitudes, interests and preferences of students as related 
to the hone, class and school enviroment as well as to the curriculum, 
instructional experiences and study habits. 26 different countries 
participated. Three student populations were involed as follows : 
Population 1:10 years old, Population 11:14 years old and Population 111:17 
years old. 

Although science and society has not been the major focus of SISS it would 
have been a pity if sue} a massive effort would not be able to contribute 
some information on this ing)ortant area. 

Through careful exijnination and content analysis it was possible to identify 
particular items focusing on science and society in three intrumen^'s : 
the attitude inventory (ATT), the understanding of science measure (Sl^l) 
and the d?.scription of science e)q)eriences (DES). 
These items serve as the focus of the present study. 

2 Purpose 

The purpose of this study is twofo?.d: 

(1) To describe the attitudes toward and understanding of the relationships 
between science and society of Israeli students. 

(2) To con^art the Israeli data with corresponding data from other 
countries vrfiich participated in the Second T£A Sc:!.ence Study. 



The author wishes to express his gratitude to the National Research 
Coordinators who made the data of their countries available : 
Wendy Keys (Englaiid), Kiniivo Leimo (Finland), Kunio Omeo (Japan), 
Hans Pelgrun (The Netherlands), Michael Wilson (Papua New Guinea), 
Yeoh Oon Chye (Singapore), Wlllard Jacobsen (USA) and to the 
international coordinator Malcolm Rosier (Australia) for his su?JVK)rt. 
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3* Method 

The major study population was senior high school (17 years old) students 
m Israel. Within the irar/jework of SISS a variety of additional data was 
available regarding -ieveaent in science, personal background and school 
variables. This infomition was used to find out how various factors such 
as socioeconomic status, gender, school environment, achievement and c^'-cer 
aspirations are related to the data on science jM society. 
Soroe inforaations about science and society wis available for 9th grade 
(14 years old) and 5th grade (10 years old). This data was used for 
caparison with the main study populations, thereby making it possible 
to Identify developroental trends. 

Ustly a letter was sent to the 25 countries participating in SISS 
requesting them to provide the raw data on the pertinent items from the 
three instmnents (attiturfe?, understanding, e5q>eriences). This data * 
served international comparisons. 

The data was collected in the spring of the years 1983, 1984. 
4. Fir»Iings 
4.1. Attitudes 

w tn^^iU-^ Inventory contained 19 relevant statements. The respondent 

J^'^MrfSf^'^'^f submitted to prirxipal con^jonents factor analysis 
With varimax rotation. Four factors were obtained (see Table I). 

Keault* of vsrlaci ftctor tulrM* of 
PopulttlOB III •tcltatfe* tovird scltoct and aoclety 
TABLE I - 655) 

Vo"*" Fictor/vtrltble content Loadlnf 



I Science career end eutue 



It It laportent to know science In srder to got • food Job .53 
People who underetend science ere better off In oar society 
8 In future aost Jobs will require s knovledfe of science AO 
12 Public soney spent on science in the last yesrs has been used 

wisely 32 
25 People who work with sodern Inventions such ss coaputers 

nave nore Interestlag jobs ^30 



II Science not haraful 



27 Science and technology sre th* caus*. of sMny «orld*a problcu .63 
•?I Itttentloaa have increased tenalona between people .30 

•24 Scientific discoveries do »ore har> then good ^ ^ 

10 Kach of the anHety la aodera society ia due to science .35 

* 3 Scieace baa ntlAed the envlrocuMst 



Hi Science value to society 



.25 



16 



*« The goveniMnt should spend aora May oa acleatif Ic research .66 

2 Science U very laportaat for a cooatry*a developacnt U5 

7 Honey aptat an aclaaca la wall warth apendina ,40 

*i5 Scientific laventlena laprcve auadard of living .31 

• T f!J**** to ■aka the a betur pUca la the future .31 

• I Scleaca U aaafal for oolvlag the prohlw ot tvKjUy Ufa * 

IV Sclenca helaala averyday life 



27 
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55 Aea^etry sj l«poruat aod aaafal ia evtryday Ufe .6£ 

36 Phyalca la ^apcrtaat aa4 aMfal U avervday life s6 

94 Blolofy U laportaat aad «a«fal U averydoy Ufa ^46 

•A^alaiatarai to NMOatlaa Z aa wall 
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As.inay be seen in Table I three of the facton, I, III, IV, are loaded with 
statements exhibiting positive attitudes toward science and society. 
Factor 11 is loaded with negative statenients reflecting common views about 
the destructive and harmful consequences of science usually associated 
with pollution, dangerou*; weapons, anxiety and similar problems. It 
would have been designated as Science is hannful. However, since we 
wanted to maintain uniform loeaning to scores so that a higher represents 
a more positive attitude we inverted the responses to the items in this 
Factor dA, hence, it was designated as Science not harmful. 
Table II presents die responses of the three populations to the 
Attitude Inventory. 

Attitudes toward science and society of Israeli 
students in the three populations 



TABLE 


II 


Population III 


Population II 


Population I 








K-695 






N-998 




N -2365 


No. 


Subtest and Iteas 


A 




S.D. 


A 


t 


S.D. 


Z 


I 


Science career 


60 


2.39 


.44 


49 


2.24 


.49 






13 


59 


2.39 


.80 


54 


2.32 


.80 






11 


59 


2.40 


.79 


40 


2.02 


.88 






8 


69 


2.53 


.78 


48 


2.26 


.79 






12 


70 


2.48 


.83 


48 


2.31 


.75 






25 


42 


2.14 


.81 


55 


2.33 


.82 




II 


Science not harmful 


51 


2.25 


.47 


51 


2.29 


.41 






X7 


44 


2.17 


.81 


45 


2v21 


.80 






20 


45 


2.09 


.89 


39 


2,11 


.82 






24 


71 


2.44 


.88 


67 


7.59 


.62 


91 




10 


18 


1.94 


.64 


26 


1.86 


.80 






3 


76 


2.60 


.74 


78 


2.70 


.61 


91 


III 


Science value to society 


74 


2.56 


.37 


67 


2.55 


.36 






16 


50 


2.12 


.93 


34 


2.10 


.75 






5 


97 


2.95 


.V) 


94 


2.92 


.33 


82 




7 


8 


2.71 


.68 


64 


2.56 


.63 






15 


90 


2.84 


.51 


90 


2.86 


.45 


77 




22 


49 


2.11 


.93 


57 


2.44 


.72 


83 




1 


,3 


2.61 


.74 


63 


2.42 


.81 


66 


IV 


Science help in everyday 


















lif2 


67 


2.36 


.61 


82 


2.75 


.59 






55 Chemistry 


57 


2.16 


.85 












56 Physics 


64 


2.39 


.82 












54 Blologjr 


81 


2.51 


.81 











Iten nuabers correspond to those In Table I 



For subtests I, III, IV: A • Z Agree; 1 - disagree, 2 « undecided, 3 - agree 
For su'test II A - Z disagree; 1 « agree, 2 - undecided, 3 - disagree 



It nay be seen that the students have a very high appreciation for the 
value of science to society, to the country's development and to the 
in^rovement of the standard of living. 

The data in Table II siiow that by and large the attitoJes of 9th grade 
students ire very similar to those of 12th grade students. 
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The following few differences are worth mentioning : 
9th grade students have a higher appreciation for the help of scientitic 
knowledge to everyday life and mere of them believe that science will 
make the world a better place. Perh^s the longer life e)q)erience of 
17 year olds made them realize that there are many problems in everyday 
life fcr which science has nothing to offer. 
•Hiere are 5 items in vrtiich 12th grade students have more positive 
attitudes, 4 of which relate to science career and status: the older 
students are more cognizant of the potential of scientific knowledge 
for getting better jobs (items i .8) and for problem solving (item 1). 
They are also more favourable to ipending money on science (items 12,7). 
In spite of these differences the general similarity in the views of the 
two pooulations shows that the opportunity to study three years of sience 
in hi{»h school makes very little difference on views about science and 
socie'«:y. 

As 10 factor IV the differences between the three disciplines is striking. 
While 811 feel that biology helps in everyday life only 641 feel that 
way about physics and even less (571) feel that way about chemistry. 
One .onders wether these differences leflect genuine characteristics of 
the disciplines or rather the way these subjects are taught in school. 
'.Vh^le there were no statistically significant differences between boys 
and girls in their perception of science as harmful or of its help in 
everyday life, substantial differences were found in the two other factors. 
The difference in Science value to society is about half a standard deviation 
and in Science career a^d status it amounts to 3/4 of a standard deviation 
Apparently the boys» socializatiou toward science is stronger than that 
of girls, even when both groups represent, by and large, the science r-rone 
students who elected to specialize in science in high school. 
Lastly students who have more positive attitudes toward science and 
society tend to choose science as a field cf study at the university. 
Similarly students with more positive attitudes toward science and society 
tend to choose science oriented careers. 



4.2 Understanding the r-lationship between science and society (percentages) 

TABLE in , 
s«.>8ssBc 12th 9th Age 

Grade Crade 11-14 

c u . . . ^^^^^^ Israel Britain 

no. Subtesit and item contents K-940 N-llOO N«1200 



A Science and scientists 
3 Science cannot show that lying is vrong 
A Science could never do without people 
with ideas 

V Education and support of science depends 
on people 

9 Scientists are :iot responsible for 
the colors of the rainbow 



81 


66 


69 


84 


72 


78 


73 


53 


54 


83 


72 


78 


84 


65 


67 




B Scientific reswch 69 4g 

13 Scientific research requires years of 

training 38 73 

Results of scientific remrch are 
always good because tht;y help 

■aakind 44 gO 24 

Wooen are as good science researchers 
" ■«» 76 61 54 

2Rd 
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Table III presents the results on understanding the relationships between 
science and society by two Israeli and one British populations, {this 
British data were taken from Coxhead and Whitefield, 1975.) 

As could have been ejqpected, with the exception of one itf ^, the 12th grade 
students exhibit better understanding. Still many 12th graders hold views 
which are at odds with those accepted by scientists and philosophers. Thus, 
in item 3 161 believe that science can show that it is wrong to lie. 
These students apparently believe that science can guide us in moral 
judgment. Similary in item 9, 161 belive that scientists can change the 
colors of a rainbow. In item 4 the critical dependence of science on 
ideas is not recognized by 271 who assign higher value to money, equipment 
and research assistants, the in^wrtant role of the people in supporting 
science education and scientific research has not been appreciated 
by 171 (ite!. 7). 

In item 19 only 441 believe that the results obtained by scientific 
research are always good. 351 prefer the distractor that the results "are 
sometimes bad since scientists are no better than people in other 
professions." 

In item 20 about one quarter have not chosen option D thereby indicating 
their bias against the scientific integrity of women, the data in Table III 
ir:dicate that as students become older their views on the relationship 
between science and society becwnes closer to that of scientists and 
philosophers of science. 

1-towever, when we compare science and non-science, majors at the 12th grade 
we find that the mean subtest scores of non-science majorb are Wer than 
those of science majors and are almost identical with those of the ninth 
grade students. Since the 9th grade population represents the whole 
cohort group, the apparent progress between 9th and 12th grade may be 
attributed to selection rather than to intellectual growth. 
The conparison between Israeli and British data reveal some advantage 
to the British in understanding about science and scientists. On the 
other hand Israeli ninth graders have better understanding of the needs 
and outcomes of scientific research and are less biased against women. 
Understanding the relationships between science and society was found 
to be related to a number of background variables. The findings may be 
summarized as follows t 

(1) There are no significant differences between boys and girls. 

(2) Students in the academic track have a better undjrstanding of 
^^cience and scientists. 

(3} StrJents whose parents country of origin is in Asia/Africa have 
l^^»^er understanding of the relationship between science and society. 

(4) Students with non-science. career orientation have the lowest level 
of unoerstanuing. Surprisingly, the level of students aspiring 
for rficdicine is a) so low. 

(5) Socioeconomic status as measured by the number of siblings, parents' 
education and number of books at home is significantly but not 
highly related to imderstanding the relationships between science 
and society. 

(6) Positive correlations exist betWx •n understanding the science- 
society relationships, achievement in school science, effort 
invested in science study, liking of scienct, intentions for 
turther study at the university and achievement in science. 



4.3. Learing experiences related to science and society 



< Table IV con5)ares the learning e:q)eriences related to science and 

society of 12th and 9th grade students. 
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Frequency distributions, aeans and atandard 
TADTc TV deviations of responses to 3 Items of PES 

lABLt AV related to science and society 



Item 




1 


Populatl3»> III 

N . 680 
3 * S,D, 


1 


Population II 

N - 1069 
3 5t S,d. 


DES 


12 


15 


28 


2.13 


.65 


22 


22 


2^00 ^67 


DBS 


13 


37 


13 


1,75 


• 67 


Al 


9 


U68 .6^ 


DES 


17 


67 


o 


1.36 


• 35 


69 


4 


1.35 .55 



1 • never 2 ■ sometimes 3 ■ frequently 
The figures under 1 and 3 are percentages 

DES 12 The teacher esplalns how the science we learn is relevant 
to Our llves^ 

DES 13 The teacher discusses possible careers in science with us, 
PES 17 "e do field work outside the classroom as part of our 
science lessons^ 

The overall picture is that most teachers do very little- in this area. 

tw-thirds of the students never do field work outdoors 
and only Z% do such work frequently. One-third report thai their teacher 
never discusses possible science careers and only 13» have frequent 
discussion of that^matter. y^parently most teachers do explain from time 

science taught m school in relevant to our lives, but 
only 281 do so frequently. 
The data for Population II are very similar. 

It may be concluded that in spite of the rich literature on the inportance 
tL'«vn[?^Ml'"^-j"""-''5-^^^^ to science and society into school science, 

^ r^^^ifL^r^^^^ ^'^^ ^'^^ " "^^^^ ^^"^ 

It may have been argued that high school teachers are not devoting time 
JLpvpf ""Lr^ '2*"^"^ ^"^^^ °^ pressure of external examinations. 
V^ftL.!!'' P*?® teachers are not under such pressure and still neglect 
tnis inportant theme. 

4.4. Caqjarison vdth other countries 

?f,"3lt?f^.'*"^^^?'^.^*^?®'^* requesting pertinent data were sent to all 
tiu' co.^.tries participating in SISS. Replies came back from 18 countries. 
Several countries have not analyzed their data. Sooe coSJ??ies p?SS 
not to release data before publishing their national reports. None of 
i^C^ ^ administered the Science Understanding 

SS^or'p^', ^i^^n*^?? 1°'' Population II were received fran 6 countrieS* 
L% Sre^LM ^ °" i" ^ <=«»tries. Data on learning experiences 
, rr» I/-- ^^"^"^ from 6 and S countries for.the two populationwespectively. 
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All the countries sent the percentage distribution for each item, l^an 
scores for individual items and for the subtests were calculated by this 
author. Since standard deviations for most countries have not been 
available, the comparison will be based on effect sizes. The effect sizes 
are calculated using the following fomula: 

where x, « means scores for Israel, S.D.I « standard deviation 

c n 1 ' 



for the Israeli sample, aiid the mean score of any other country. 
A difference greater than 1/3 standard deviation is considered to be 
educationally significant (see Glass, McGaw and Smith, 1981). 

4.4.1 Attitudes : Population II 

Table V presents the results of 7 countries 



Science career and status 



Israeli students at age 14 have a relatively high regard for a science 
caieer. While American, English and Singapore students are similar to 
the Israelis, students in the other three countries are less positive, 
with the Netherlands occupying the lowest position. American and English 
students believe more than others that in the future most jobs will 
require a knowledge of science (item 8). Students in the Netherlands 
feel most strongly that public money spent on science has not been spent 
wisely (item 12), that it is not in5)ortant to know r:ience in order to 
get a good job (item 13) and that science based jobs are not more 
interesting (item 25). Israeli students hold the opposite position 
regarding these three items to which they express the highest agreement 



Science not harmful 



On the average Singapore itudents have the lowest score while American 
students have the highest score. However the differences among most 
countries are rather small. Singapore and Netherlands students believe 
more than others that science has ruined the environment (item 3). 
Finnish, American and Israeli students are less inclined than others 
to agree that scientific inventions have increased tension among people 
(item 20) c Israeli students agree more than others that, on the balance, 
science does more good than harm (item 24) and less than others that 
science and technology are the cause of many of thft world's oroblems 
(item 27). ^ 
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Science value to society 

Here again the most negative attitudes are e)q)ressed by students in the 
Netherlands. Generally very few students in all the countries do not 
appreciate the value of science to society. The appreciation of Israeli 
students is especially high regarding the importance of science to the 
development of the country (ite^* 5) as well as with^regara to the contribution 
of science to the inprovement of the standard of living (item 15). 
In spite of the high appreciation, roost of the Israeli students, like 
^ their counterparts ^n other countries, do not think ':hat the government 
^ ,.»hould spend more money on science (item 16). 
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Table V: Attltucte tocrd adcncft und aodety of Ibpulatlon II In different couitrles 



Israel Singapore 
A f S.D. A I 



Brlt&ln 
H<3000 
A % 



Nether 
lends 

A S 



IBA AustTB. PUOaid hbon of the 

H.2000 N-5000 JW593 7 cowtrles 
AtAXAtAX 



1. Science career and status 49 2.24 .49 47 

OB 48 2.26 .79 51 

11 40 2.02 .8B 45 

12 48 2.31 .75 39 
25 55 2.33 .82 65 



2.22 
2.31 
2.15 
2.25 
2.48 



45 
63 
35 
42 
44 



2.12 
2.47 
1.97 
2.13 
1.97 



29 1.87 42 2.14 37 2.00 29 1.98 40 2.08 

41 2.06 67 2.55 48 2.22 37 2.14 l\ 2.29 

36 2.01 43 2.16 33 1.91 19 1.83 43 2.01 

10 l.i>l 30 2.11 37 2.19 33 2.19 X 2.15 

34 1.54 42 2.08 37 1.92 32 1.94 44 1.84 



2. Science not hairful 51 2.29 .41 39 

03 73 2,70 .61 45 

10 26 1.86 -.80 17 

20 39 2.11 .82 13 

24 6? 2.59 .62 50 

27 45 2.21 .80 26 



1.95 
2.19 
1.67 

ue^ 

/I 
i.d7 



41 
67 
32 
22 
48 
37 



2.11 
2.59 
1.96 
1.83 
2.32 
2.G6 



46 2.14 

49 2.20 

41 2.23 
29 1.99 
48 2.29 

42 2.00 



54 2.35 39 

74 2.65 62 

34 2.10 32 

59 2.40 23 

63 2.55 51 

3C 2.10 26 



2.12 46 2.27 45 2.18 

2.47 63 2.63 63 2.50 

2.09 52 2.26 33 2.00 

1.85 21 1.80 29 1.95 

2.35 Sd 2.45 54 2.42 

1.82 36 2.18 36 2.03 



3. Sdenca value to aocle^ S? zS" 

01 63 2.42 

06 94 2.92 

07 64 2.56 

15 90 2.86 

16 34 2.10 
22 57 2.44 



.81 n 

.33 8.\ 

.63 52 

.45 as 

.75 49 

.72 67 



2.S6 
\63 
^.78 
2.36 
2.82 
2.30 
r,56 



59 
67 
77 
55 
76 
30 
46 



2.42 
2.32 
2.70 
2.41 
2.70 
1.98 
2.24 



57 
44 
71 
42 
41 
18 
79 



2.14 
2.06 
2.57 
2.13 
2.18 
1.88 
2.01 



66 2.47 S6 

61 2.41 53 

86 2.81 75 

55 2.41 50 

80 2.76 79 

33 2.02 36 

» 2.27 48 



2.39 53 2.36 61 2.42 

2.3: 64 2.54 62 2.53 

2.64 71 2.65 80 2.72 

2.31 58 2.47 54 2.38 

2.71 60 2.24 73 2.61 

2.07 37 2.18 34 2.08 

2.28 29 2.11 48 2.27 



4. Science related to every- 

day life 82 2.75 



.59 74 2.68 61 2.49 43 2.15 63 2.50 55 2.36 58 2.44 62 2.48 



A-Zagm; 1 -dlaaigree 2«u)decld6d 3 ir igrea 
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Table VI : Attltgde toward science and society of Population III In different countries 



Israel 
H-695 



Singapore 
if-3560 



c'apua 
H.G. 



Britain 
H-2600 



Finland 
H-3600 





A 


X 


S.D. 


A 


X 


A 


X 


A 


X 


A 


k 


A 


X 


1* Science career and status 


to 


2,39 


.44 


40 


9 no 


39 


9 Oft 


41 


1 07 

1.7/ 


J? 


1.00 


42 




2.07 


08 


69 




.78 


79 


2.59 


70 


9 AO 


7"^ 


9 


J** 


2.29 




2.53 


II 


59 




.79 


46 


9 no 


29 


1.73 


46 


9 n/. 


22 


1 79 
1. /4. 




2.00 


12 


70 


2.48 


.83 


34 


2.15 


16 


1.89 


35 


9 no 


91 


1 .00 


lA 
JO 


2.08 


13 


59 


2,39 


.80 


25 


1.6J 


36 


1 .82 


23 


1.51 


9'^ 


1.59 


JJ 


1 7Q 
1 . /7 


25 


42 


2.14 


.81 


aO 


1 79 


47 


9 17 


9Q 


1 7^ 


91 


1.01 


JJ 


1.92 


2. Science not harnful 


51 


2.25 


.47 


38 


1.09 


36 


1.69 


55 


2.35 


62 


2.41 


48 


2.18 


03 


76 


2.60 


.74 


40 


2.08 


50 


2.13 


72 


2.55 


80 


2.69 


64 


2.41 


10 


38 


1.94 


.64 


30 


1.84 


37 


1.93 


59 


2.35 


74 


2.64 


48 


2.14 


20 


45 


2.09 


.89 


19 


1.61 


19 


1.57 


37 


1.88 


33 


1.86 


31 


1.80 


24 


71 


2.44 


.88 


56 


2.47 


47 


2.18 


80 


2.74 


75 


2.69 


66 


2.50 


. 27 


44 


2.17 


.81 


34 


1.89 


26 


1.64 


56 


2.22 


48 


2.14 


42 


2.01 


3. Science value to aocletj 


74 


2.56 


.37 


72 


2.61 


72 


2.56 


82 


2.74 


69 


2.57 


74 


2.60 


01 


73 


2.61 


.74 


77 


2.62 


81 


2.68 


86 


2.77 


90 


2.86 


81 


2.70 


05 


97 


2.95 


.28 


94 


2.90 


81 


2.69 


97 


2.95 


85 


2.78 


92 


2.85 


07 


84 


2.71 


.68 


65 


2.57 


74 


2.60 


88 


2.76 


74 


2.64 


77 


2.66 


15 


90 


2.84 


.51 


92 


2.89 


84 


2.71 


92 


2.68 


75 


2.66 


87 


2.80 


16 


:>o 


2.12 


.93 


53 


2.33 


68 


2.44 


65 


2.49 


53 


2.34 


58 


2.34 


22 


49 


2.11 


.92 


52 


2.38 


46 


2,14 


61 


2.58 


34 


2.06 


48 


2.75 




4, Science relevant to 




























everyday life 




























Science 


6? 


2.36 


.61 


70 


2.52 


71 


2.56 


68 


2.48 


55 


2.22 


66 


2.43 


Biology 


81 


2.51 


.81 


80 


2.62 


68 


2.89 


76 


2.62 


77 


2.60 


80 


2.64 


Cheatstry 


57 


2.16 


.85 


54 


2.28 


56 


2.28 


58 


2.28 


41 


1.99 


53 


2.20 


Phy&ics 


64 


2.39 


.82 


77 


2.66 


70 


2.51 


71 


2.54 


47 


2.06 


66 


2.43 
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Science career and status 

Israeli students who major in one of the science subjects in year 11 and 12 
have a very high regard for a science career, raoch higher than students in 
aiy of the four other countries Only in one item i^ich states that "in the 
future most jobs will require scientific knowledge" (item 8) there was no 
difference among the countries. In all other items the difference between 
Israel and other countries is about a half of a standard deviation. Ihus it 
^)pears that the conditions in Israel and the Israeli culture are hidily 
favorablt* toward science based careers. 

Science not harmful 



Students in P^ua Kew Guinea and in Singapore see science as more harmful 
than students in Western countries. Israeli students occimy a middle position 
between the Eastern and Western countries. 

Science value to society 

average, the scores of all 5 countries are very high. In two items 
(16,22) Israeli students score lower than others. Thus, in spite of the value 
of scier-re to society 50* of the Israeli students agiee neither that the 
government should spend more money on scientific research nor that science 
will help to make the world a better place to live in. 

Science relevance to everyday life 

Ue science score in Table VI is an average of the scores obtaine for bioloffv, 
chemistry and physics. 

The most interesting result is the relative standing of the three science 
subjects: in all 5 countries biology is considered as the most relevant Uhile 
chemistry is considered as the least relevant. In all the subjects the Israeli 
students* a^reciation is somewnat lower than that of students in other 
countries . 



4.4.3. LeamiJig e)q)eriences 

Table VII presents the results of 9 countries. 



PES 12 



Israel occupies a second place after Finland in both populations lAile the 
Netherlands and Japan hold the bottom position. Examination of Table V shows 
that at age 14 Israeli students indeed respond by e)q)ressing the highest 
level of agreement with the relevance of science to everyday life. On the 
other hand such an effect has not been found for Finnish students in neither 
population and not for Israeli students in year 12. Apparently by that aee 
students can see the relevance by themselves. 

PES 13 



In this item Finland oca^ies again the first place leaving other countries 
far benmd. In Population III Papua New Guinea holds the second place. 
Israel follows next in both populations. Interestingly in both populations 
Israeli students are much more oriented towards science careers than Finnish 
Q tudents and the same is true regarding Papua New Guinea in Population III. 
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Table VII 

Learning experierxea related to science and society in different countries 



Population II Population III 





N 


DES 12 
1 X 


DES 
1 


13 

SL 


DES 
1 


17 

it 


H 


DES 
1 


12 

Jc 


DES 13 

1 X 


DES 
1 


17 

i. 


Israel 


1069 


22 


2.00 


Al 


2.68 


69 


1.35 


9A0 


15 


2.13 


37 1.75 


67 


1.36 


Australia 


A970 


31 


K81 


63 


1.35 




1.60 






Hot 


Available 






England 


3000 


32 


K8A 


53 


1.57 


70 


1.22 


2560 


28 


1.83 


55 1.A9 


59 


l.AA 


Finland 


2500 


8 


2.35 


A 


2.65 


3 


2.52 


2600 


8 


2.36 


3 2.65 


1 


2.88 


Japan 


6A35 




1.52 




1.21 




1.29 


A260 
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1.5A 




1.20 
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37A6 


Al 


1.A9 


63 


1.17 


67 


1.17 
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Available 






Papua K*G* 






Hot Available 






A79 


15 


1.99 


7 2.23 


5 


2.15 


Singapore 


AAOO 


22 


1.97 


AA 


1.87 


69 


1.65 


3560 


30 


1.78 


61 1.A2 


7A 


1.29 




2000 


Kot 


Available 


65 


l.Al 






Hot Available 






Mean 






1.85 




1.61 




1.53 






1.96 


1.85 




1.72 



1 " Hover 2 *> Sometimes 3 ■ Often 



DES 12 The teacher explains how the science we learn is relevant to our life 

DES 13 The teacher discusses possible careers in science with us 

DES 17 We do field work outside the clnsoroom as part of our science closs 
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5 Discussion 



Three ineasures were usH in this study : attitudes toward science and society, 
understanding the relationships between science and society, and school 
e)q>eriences related to science and society. For attitudes and school e)q>erience 
we had data from Israel as well as from other countries. Fov understanding 
the relationship between science and society we had data from Israel and 
from Britain. Since different subsai!5)les responded to each instrument, ix. 
was inpossible to study intercorrelations among the three measures. 

5.1 Understanding the relationship between science and society 

Although in general t2th grade students in Israel exhibit a high level of 
understanding several misconceptions have been identified. 

a. science is not the solution for all problems in life. For exanple science, 
of course, cannot help us in moral judgment; and yet close to one-fifth 
of the students in grade 12 and 30% at grade 9 do not realize that, and 
expect science to show that it is wrong to lie; 

b. science can explain natural phenomena but it does not. create them; yet 
35% in grade 9 and 16% in grade 12 don't see the difference; 

c. science is the creation of people; yet about one half of the students 
in grade 9 and one quarter in grade 12 do not recognize the central 
role that peoples* ideas play in the scientific enterprise; 

d. about one-third of the students believe that results of scientific 
research "are sometimes bad since scientists are no better than people 

in other professions;" these students do not realize that the personality 
of scientists has nothing do with the results of their e3q)eriments; 

e. lastly, 40% of the student, " grade 9 and 25% in grade 12 reveal a 
definite bias again the con^ ence and capability of women scientists. 

These five misconceptions are quite serious and have in5)ortant inqplications. 
The most obvious inplication is the need to clarify issues pertaining to the 
role of people in the scientific enterprise as well as the epistemological 
differences between different domains of human knowledge, such as science 
and morality. 

5.2 Attitudes toward sciencef and society 

In spite of many differences among the participating countries some common 
patterns have emerged. 

1 . In Population II Science relevance to everyday life achieves the highest 
rating followed by Science value to society, then by Science not harmful, 
and, last, by Science career and status. At the 12th grade. Science value 
to society has moved to the first place, replacing Science relevance to 
everyday life. In three of five countries, including Israel, Science 
career has replaced Science not hamiful. Bearing in mind that most students 
in the 12th grade sanples are those who have elected to study science, 

the changes between 9th and 12th grade can be a reflection either of 
selection or of maturation or of both. 

2. Examination of the results related to the Relevance of science to everyday 
life revals two other common patterns: (a) in most countries the 9th 
grade rating is higher than that of the 12th grade. This difference is 
especially conspicuous in Israel, i^arently the teaching of science in 
the upper secondary grades is more foimal and less related to everday 
life than that which tcJces place in the middle school; (b) in a\l the 
countries, without exception, .chemistry is regarding as the least relevant 
and ( with Singapore as exception) biology is regarded as the most 
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relevant to everyday life. This finding may offer at least partial 
explanation for the relatively high enrollments in biology and low 
enrollments in chemistry. If we want to attract more students to chemist-y 
and physics, as is the case in Israel, we may try to highlight the 
relevance of these subjects to everyday life. 

3. Science not hannful consists of 5 items which received similar ratings in all 
the countries for both Population II and III. Thus, thi? majority of 
students do not think that "science has ruined the environment," neither 

do they feel that "scientific discoveries cause more harm than good." 
On the other hand most students in all the countries, including developing 
countries, stach as Papua New Guinea and Singapore, do feel that 'Vnuch of 
the anxiety in modem society is due to science" and that "scientific 
inventions have increased tensions between people." These views are held 
by the same students who regard very highly the value of science to 
society, who believe that "science is ver/ inportant for a country's 
development" and that "scientific inventions improve our standard of 
living." It may be concluded that most students especially, 17 years 
olds, are mature enough to see both the benefits and the dangers of 
scientific discoveries. 

4. Certain countries feature relatively low and others relatively high 
ratings in all areas. For exanple the ratings of the students in the 
Netherlands are the lowest in all subtests and in almost all items. It 
will be interesting to find out the reasons for these negative attitudes. 
In Population II Israel's ratings are higher than the international mean 
in all subtests. 

In population III Israel's ratings are the highest for Science career, 
somewhat higher than the international mean for Science not hamful and 
somevfet lower than that mean in Science value to society and its 
relevance to everyday life. In this study we have been able to correlate 
attitudes toward science and society with other variables only in Israel. 
Because of the conrion patterns just discussed we assume tnat many of the 
relationships identified for Israel may be valid for other countries as 
well. 

Following are the major findings: 

1. All four attitude scales are positively and moderately intercorrelated. 

2. Attitudes toward science and society are positively but weakly 
correlated with achievement. The highest correlations are between 
achievement in physics and Science career. 

3. Parents * education and the number of books at home are positively 
correlated with Science career. Students whose parents are scientists, 
engineers or doctors are more oriented toward science careers. 

4. Students whose mothers work outside home are more oriented toward science 

careers than students whose mothers work only at home. 

5. There are no differences between boys and girls in regarding Science as 
not ]iarmful, or as relevant to everyday life. However boyb have signifi- 
cantly higher appreciation for the value of science to society as well 
as a higher orientation toward a caree: in science. 

6. Students who avoid science studies in the upper secondary school have 
substantially less positive attitudes toward science and society. 

7. With the exception of Science not hannful, students in academic schoolf 
have more positive attitudes toward science and society than students in 
vocational schools. 

8. Students who have more positive attitudes toward science and society 
tend to choose science as a field of study in the university and eventu- 
ally also as a career, especially in engineering and the natural sciences. 

5.3 Learning e3q>eriences related to science and society 

?^"OWing the analysis of the Israeli data we concluded that: 
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1. Overall most science teachers do very little in this area. 

2. At the 12th grade two-thirds of the students never do field work out- 
doors and only 3t do such work often. 

3. One-third report that their teacher never discusses scieuce careers and 
only 131 have frequent discussions of science careers. 

4. Most teachers explain from time to tii»; how science taught in school is 
relevant to everyday life, but only 28t do so frequently. 

Examination of the data in Table VII shows that the situation is even worse 
in other countries with the exception of Finland and Pqma New Guinea. 
Lan we find some relationship botween learning e:q)eri5nces and attitudes ? 
we cannot calculate correlations because we do not have the necessary raw 
data. However, It may be seen that in the Netherlands the ratings are the 
I , attitudes and learning experiences. Unfortunately the high 
In^^fS of. learning e)q)eriences related to science and society in Finland 
and New Guinea are not reflected in the students' cttitudes. If the findines 
just reported for Finland and Papua New Guinea can be replicated, they would 
have serious inplications since they cast doubt about the desirability of 
spending much class time in discussing possible careers in science and on 
tne effect of outdoor studies on the development of positive attitudes toward 
science and society. 
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THE IOWA STS PROJECT: 
STUDENT GROWTH IN A VARIETY OF DOMAINS 



Robert E. Yager 4 B.J. Bnmkhorst (Science Education Center, 



The University of Iowa, 
Iowa City, leva 52242, USA) 



Science as taught In grades 4 through 9 (ten to fifteen yeai^olds) has 
been identified as the most critJcal issue in achool science in the State of Iowa. 
These j^ades are ones where science is required for all students and are ones 
where the teachers are often iU-prepared, i.e. with little science preparation 
and no focus on a particular discipline of science. This means that the 
teachers of these grades often want help and do not have preconceived notions 
of what •taust be included" in a course r t often the case for high achool 
biology, chemistry, or physics. 

In 1984 the National Science Teachers Association (NSTA) was awarded a 
major grant to conduct a series of Chautauqua Short Courses In sbcteen states; 
Iowa was selected as one site. Three NSTA Yearbooks have focused on STS 
education; the NSTA Position Statements for the 80s (NSTA Position Statement- 
1982) emphasized the Importance of STS: 

The goal of science education during the 1980s is to develop 
scientifically literate individuals who understand how acience, 
technology, and society influence one another and who are able to 
use this knowledge in their everyday decision-making. Such 
individuals both appreciate the value of acience and technology in 
society ano understand their limitations, 

NSF also funded a major project at Pennsylvania state University called 
Science through Science/Technology/Society (S-STS). This project was funded 
to foster further STS experiments, to assess currfculum materials and to 
encourage evaluation of STS efforts^ Leadership in Iowa was Involved with the 
S-STS efforts, including identification of features of exemplary STS programs, 
promoting awareness of STS, and assassins the Impact of STS efforts on 
students. 

Iowa became a center for the NSTA Chautauqua program and for S-STS 
networking. One aspect of this 'Vjenter" designation was selecting teachers who 
were willing to learn about STS, to try STS modules in their classrooms with 
students, to collect evaluation information, and to Interact with others 
concerning their experiences. The first year 0984-65) but 30 teachers from 
grades i through 9 were Involved. However, at the close of the first year the 
Iowa Utility Association became interested in the effort and agreed to support 
two additional workshops in addition to the one to be supported by NSTA 
during the 198S-86 year. A total of 90 more teachers (and achools) were 
Involved with the Chautauqua program during 1985-86. The auocesses of this 
effort encouraged further expansion of the program for 198&-87 and the 
abandonment of the separate N^A and lUA Workshops. During 198G-87 m 
new teachers were Involved. Plans for 1987-88 hav^ been completed when in 
excess of 150 teachers will be served. 

The Iowa Utility Association has assumed major support, approximately 
80 percent of the total cost. Leaoershlp conferences for 15 teachers are 
held for two weeks durlrg the summer for teachers who will become staff 
members for the program during the next academki year. Annual fall 
conferences have been established for the past participants and educational 
leaders of the state. Other Industries In Iowa have agreed to help with support 
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for this conference and for mtking awards to teachers and achools with the 
IDC \ Impressive SIS project^prograins. 

In an effort to define STS projects for the Iowa Chautauqua program, the 
following features were advanced: 

1) identification of problem with local interes^/impact; 

2) use of local resources (human and material) to locate information that 
can be used in problem resolution; 

3) active involvement of students in seeking information that can be 
used; 

4) science teaching going beyond the class period, the classroomi the 
school; 

5) a focus upon personal impect*-perhaps starting with student impact- 
not hoping to get to UiaC level; 

6) a view that science content is not something that exists for student 
mastery simply because it is recorded in print; 

7) a de-emphasis upon process skilb— Just because they represent 
glamorized skilis of practicing scientists; 

8) a focus upon career awareness^especlally careers that students 
might expect to pursue as they relate to science and technt'.ogy; 

9) students performing in citizenship roles as they attempt to resolve 
issues they have identified; 

10) science study being visible in a school and in a community; 

11) science being an experience students are encouraged to have; 

12) science with a focus upon the future and what it may be like. 

Further everj' teacher participant agreed to try an STS unit for at least two 
weeks with the possibility that they could revamp their entire science course 
for the year. Some of the NSTA exemplary STS programs (Penick, ^einharc>- 
Pellens, 1984) were identified as models for the participants. The NST*^ criteria 
for excellence for STS programs and the Focus on Excellence volume^ were 
made available to each teacher. 

A total of 240 Iowa teachers have now partfclpated in the STS Chautauqua 
program; many of these teachers continue to expand their efforts and to devote 
more time to STS materials and approaches. AU continue to provide feedback 
both anecdotal and in terms of more formal assessment instruments* 

The introduction to STS has included suggestions for evaluation. Science 
is defined as George Gaylopd Simpson (PIttendrigh, C.S* & Tiffany, UH., 1957) 
envisions IX, namely: 

Science is an exploration of the material universe in order to seek 
orderly explanations (generalizablc knowledge) of the objects and 
events encountered: ^ lli£££ explanations tnu^X t£ l£Sifil2k. 

Science is first of all an exploration of the universe. It require? a 
personal curiosity— a wonderment for the world around us. Basically, all people 
are curious— some more than others. IJnfortunatcly, the typical school seems to 
discourage such exploration. Hence, the ai'hool program can be seen as 
discouraging the first feature of real aclence. 

The second ingredient of science is the attempt to explain the events and 
objects encountered during exploration. The formation or creation of such 
explftnfttions Is essential for science to occur. It is a pnenomenon that is 
discouraged in most school curricula<--especially in the traditional science 
programs. Again it St^ems that common practice is alien to the basic nature of 
science. 

The third and final feature of science is the testing of the explanations 
formulated. Explanations— to be science— must be Ififilfl]^. It Is possible to 
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offer ftll kinds oC expUnation»-«reative ones, ones dependent upon the 
supenrnturtli ones thtt defy experimentation* Such explanations may be 
appropriate for other human enterprises sud) as creative writbsr, art, religion, 
•tc* However, if an exc^nation of events ancVor objects arising from 
explorations cf the universe cannot be tested for their validity, there can be no 
science experience* 

Science education is conceptualbed.u an enterprise that includes five 
domains* These include the following: 

Domain I - Knowing and tlndersf ndinf (knowledge domain) 

Science aims to categorize the observable universe into manageable units 
for study, and to describe physical and blologk^l relationships* ultimately, 
science aims to provkie reasonable explanations for observed relationships* Part 
of any science instruction alw^s involves learning by students of some of the 
informatioa developed through science* 

Thv Knowing and Understandlny Domain includes: 

Facts 

Concepts 

Laws (Principles) 

Existing hypotheses and theories being used ty scientists* 

All of this vast amount of ^"iormation is usually classified Into such 
manageable topics as: matter, energy, motion, animal behavior, plant 
development. 

Domai n I I - Exolorlnfr and Discoverlnt^ (process of science domain) 

Use of the processes of science to learn how scientists think and work. 
Some processes of science are: 

Qbservlnf and describing 
Classlfviny and organizing 
Measuring tnd charting 

Communicating and understanding communications of others 

Prcdfctlng and inferring 

Hypothesizing 

Hypothesis testing 

Identifying and controlling variables 

Inti^ropgtlnf dat^ 

Constructing instruments, simple devices, and physical njodels 
Dnmfltn TIT > Ifnii^rnlng and Creating (creativity domain) 

Most science programs view a science program as something to be d^ne to 
students to help (hem learn a given body of information* Little formal 
attention has been given In science programs to development students* 
imagination and creative thinking. Here are some of the human abilities 
important in this domain: 

Vlsualtzlny - producing mental images 
Combining objects and kieas in new ways 
Pfoduclnf^ alternate or unusual uses for objects 
SfiMcft problems and puzzles 
Fantasizing 
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Pretending 

Designing de'.rioes end machines 
Producing unusual ideas 



Much research and development has t^cn done on developing students' 
abilities in this, creative domain, but little of this has been purposely 
incorporated into science programs. 

Domain TV - FeeMn^ nnd ynluiny vattitudinal domain) 

In these tiittes of increasingly complex social and political institutions, 
environmental an^d encrg> problems, and general worry about the future, 
scientific content, processes, and even attention to imagination are not 
sufficient parameters for a science program. Human feelings, values, and 
decision-making skills need to to addressed. This domain includes: 

Dev^looinr positive attitudes toward science in general, science in school, 

and science teachers 
Pcvoloping positive altitudes toward oneself (an "I can do it" attitude) 
Ex ploring human emotions 

Developing ser;sitivity to, and respect for, the feelings of other people 

Expressing penional feelings in a constructive way 

Mnking dpoi^ion s about personal values 

Waking riroisions about sccial and environmental Issues 

Domain V - Usin^ and ADPlving (applications and connections domain) 

It seems pointless to have any science program if the program does not 
Include some substantial amount of informatlor, skills, and attitudes that can be 
tiansf erred and used in students* eveo'doy Hvcx Also, it seems inappropriate 
to divorce "pure" or "academic" science from technology*. Students need to 
become sensitized to those experiences they encounter which reflect ideas ihej 
have learned in school science. Some dimensions of this domain are: 

Sfidnc instances of scientific concepts in everyday life experiences 
Applying learned science concCj^ts and skills to everyday technological 
problems 

Undcrstendirp scientific and technological principles involved in 

household technological devices 
Usinf ft^ient|fi<: PrpCfP^C^ in solving problems that occur in everyday life 
Understondin;; and evaluatin g mass media reports of scientific developments 
Making decisions related to personal health, nutrition, and life style based 

on knowledge of scientific corcepts rather tlan on *7iear-s8y" or 

emotions* 

Integrating science with other subjects 

The most important domain for STS efforts Is the applications/connections 
dcmairJ. In fact, it Is this domain which Is offered as the one which Is most 
appropriate for all people-since ft Is closer to the total society of which all 
are a part. The applications of science are basic to the lives of people 
including communication, transportation, nutrition, shelter, clothing, careers, 
entertainment-literally all aspects of the human existence known by ali 

Some time Is spent concerning the arguments of Morris Shamos that 
science (as Campbell defines It) i&t Inappropriate for most and cannot be 
Justified as basic (i.e. required) for all learners In schools (Shamos, 1982j 
Shamos, 1983; Shames, 1982/1964; Shamos, 1984a; Shamos, 1984b( Shamos, 198S). 
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Shtmos would trcue, however, th«t ft better case ctn be developed for all 
people undersunding technology as opposed to aclence* 

The point is mtde that a focus on the acquisition of knowledge first may 
be the major problem with most science teaching* It may be faulty logic to 
argue that students first must be given knowledge b<!fore they can hope to 
apply It« Perhaps Instead basic science knowledge can be seen as useful as 
questions arise and as more ^xperlen^s accrue as students work in the 
applfcatlon domain. Figure 1 is an attempt to Ulurtratc the Iowa plan for STS 
Instruction and evaluation, 

Kot all of the 240 teacherr involved to date have provkJed assessnent 
Information in all domains. All hove provkJed Information regarding change in 
knowledge acquisition, the affective domain, and o',ie Instrument in the 
applfcatlon domain. All are encouraged to try one or more measures (or some 
simple adaptation of selectc ^ Items) from the process and creativity domain. 

The Instruments used In the lowa STS Project Include: 

lismih L« Knowing ^ Undcrstandlny (knowledge domain) 

1) S£i£i££ Subtest. Iowa (Hieronymus, tl Ol) 

2) gcicwe gUblCSUS hm ICSll Ol Educ&tlon al Pcvolo.n m/fit (Fcldt, d fij) 

3) SclcnCf Subtest. Mctrooolltti n Achlfvomont Tests (B cscott) 
^ ^i±l£Si California Achlevemei?^ (B^ackv^'ood) 

5) Chemistry Achievement Examfnatlon (AC:&-NSTA) 

6) Physic? Achievement Examination (AAPT-NSTA) 

J^smh U = Exploring tD^ Dbccverlng (process of science domain) 

1) Hlfi tkiiiCds fild EastfUIfiJ Ol Scicnct: An Examlnntlon (WoodUirn) 

2) Icsl qI Inoulrv Sk(U£ (Fraser) 

3) WiKPnsIn Inventory gcifiQc^ EcffifisSTS (Welch) 

4) Cednr RanMs Scliacls. SclCDCC Process Mensure (PhiUlps) 
£) EB1£ Solenge Process lest (Wallace) 

Usmln UI = Imaplnlnc tD^ Creating (creativity domain) 

1) Purdue Creativity Te^t (Lawshe, tl OD 

2) TprranCf qI Creotlve Thinking CTorrance) 

3) Modes Thinking in Ysm. Qlil^ (Wallech, tL oD 

Usnmln H = Feeling 00} Yfilulng (attltudlnal domain) 

1) Sll2i2£Dl Preferences cmd Understandlnys (HAEP) 

2) Scientific Attitude Scale (Moore) 

3) Attitude toward gly^ Science (Yager) 

4) IfiSl qI AllltUSt££ on Technology- Socletv Interaction (PieD 

5) Attitude^ toward Science ^ Technology (Temple University) 

Ikmln 1 ' Usiag aod Aoplvlng (appUcatlons and connections domain) 

1) Science ftoJ 5inll.*X CDagher) 

2) Views en Scten^-^t echnologv^Iety (Alkenhead) 

3) IcfilfiD th£ Sfic. u Aspects of Science (Korth) 

4) as catnmlD&ilfln liem for Science in i\ Social Context^ fASO 

The results In the knowledge area have rarely shown any differences In 
the acquisition of the knowledge samplcd-elther on teacher tei.ts or standard 
examinations (KIrkpatrtek & Yager, 1986,* Krajclk & Yager, ls>8S)« Many of the 
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teachers have reported thtt many ttudenU actuaUy do better on itandtrd 
exaninttions than when they proceed through the textbook and the typical daily 
lessons. Ihty report that more studenU are motivated and that more see the 
value d the knowledge that was merely offered for iu own sake previously 
•nd^or with the pronise that they wouk) fii;d the information useful in the 
future* 

The results in the affeethre domain have been dramatic Students 
experiencing science in the STS fonnat have more positive atUtudes concerning 
science teachers, classes, and careers. They have more reallstk^ views 
concerning the utUity of acience stu<?y. And, of most importance, these 
attitudes are maintained across grade levels tSimmons, p.E, a Yager, R.E., 1986; 
Yager, R.E.; Simmons, & Penfck, IseTa, 1987t;^ 

Since most typksal science classes never conskSer technology (spplfcations 
of science) or attempt to connect the knowledgVprocess exposur^aoquisiticn to 
resWife situations, it is not surprising to find that the f studenU and 
classes perform better than students who experience traditionJ acience. Many 
students who have not had STS experiences cannot see why questions in this 
dooiain are even being asked of them (in contrast to the situation when 
students with STS experience are assessed in the knowledge domaW. 

The Iowa STS Project permits the following generalizations after three 
years of effort and the Involvement of 240 teachers from grades 4 through 9: 

1) Students who experience science in an STS format for a semester or 
longer acquire as much basic knowledge of science (as measured by 
standardized and teacher-made examinations) as do students who 
experience science in a more standard (textbook) way. 

2) When teachers stress student experience with a variety of processes of 
science, studenU grow in this domain in both the STS and the 
standard course format* 

3) Students who experience science in an STS format are far more 
positive in tenns of their attitudes about science, acience classes, 
science teachers, science careers, and the value of science to 
themselves; further, these positive attitudes are maintained over 
several grade levels. 

4) STS programs apparently do more to enhance creative thinking than do 
standard science courses; unfortunately, measurements in the area of 
creativity are more diffknilt and there has been little opportunity to 
study the apparent growth over grade levels. 

5) Students who experience science as STS can take actions, make 
decisions, use information, and are more curious than students who 
experience acience primarily as a matter of acquiring certain bask! 
concepU included in typkud courses and textbooks. 
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IONIZING RADIATION AND ENVIRONMENTAL POLLUTION 
- A THREAT TO BIOTIC L2FE 

by 

Dr. G.C. Bhyraiah 

(Director, College Develop;nent Council, University of Mysore-570005) , INDIA 



The earth today supports an estimated ten million species of plants and animals. 
The great variety of living organisms is the result of three billion years of 
evolution. Till recently it was assumed that the generation of new species kept 
pace with the extinction of old ones. The destruction of old species by man has 
assined such .Planning dimension in the last few decades that an estimated 25.000 
species of plants and more than 1 .000 species and sub-species of animals are 
threatened with extinction. It is believed that more than a million species 
would become extinct by the end of this century. 

Man is said to be the product of heredity and environment. However, seriously 
the biologists may debate the relative inportance of roles, these two factors 
to play in the development of mental and moral tr<'*its and of characters are 
well established. It is quite plain, as regard to physical health and well-being, 
there is no hereditary endowments. 

The great biologist, Herbert Spencer spoke of life as being characterised by a 
continuous adaption of function to environment. Infact, there seems to be no 
limit to life adaptability in environmental conditions. The speiro whale in the 
depths of the arctic sea and the bird of paradise in the tropical forests are 
merely suggestive of these possibilities. The actual .physical environment is made 
use of a multitude of separate units viz., ten|>eratur'e, airi water, nutrition. 

Radiation from the sun is the starting point for the most physical systems on 
the earth's surface. Radiation from the sun heats the atmosphere and the earth's 
surface. It is a source of energy for moving the great currents of air around 
the Globe. These, in turn, make the heat from radiation more equitably distri- 
buted over the earth, so that, a large part of the planet has ten?)eratures in a 
r&n^^ inhabitable for human beings. As an energy source for evaporating water, 
radiation drives the hydrological cycle for the earth thus providing through 
precipitation a continually renewed source of fresh water for the world's 
agriculture and life. Another vital aspect of radiation. Iium wic sun is it's 
role IS an energy input to ecosystem, through the Bio-che^ical process called 
photosynthesis, solar energy is changed into the chemivVJ energy of plants that 
are later consumed by hunans and other animals to sustain life, Radiation is 
also iJH)ortant at the scale of an individual, as we are being cv>ntinuously 
bcoiarded by flows of radiation from our surroundings such as waAls, sky, sun, 
trees and at the same time our body is radiating away heat energy, so as to 
prevent us from becaaing too hot. In this manner our body tein>erature would be 
controlled by the difference between incoming and outgoing flows of radiation. 
This difference is called the Radiation balance . 

The health effects of low-ionizing radiation on human populations have been 
difficult to establish. The effects of low-level ionizing radiation on somatic 
and genetic risks are now a known facts. 

Somatic effects of ionizing radiation indicates, that children bom after their 
«K>thers had 1-6 pelvic radiagrq)hs were about 421 more likely to die of cancer 
in the first ten years of life than were children not irradiated in Vitro. 
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Excess childhood letikeroia in Southern Utah appeared to be associated with 
fallout from above-ground nuclear weapons tests in Nevada between 1951 to 1958. 
The leukewia mortality percentage is high for children living in high fallout 
rountries as can)ared to controlled children from before and after test period. 
The in|)lications of this for the nuclear industry and present radiation safety 
standards are serious. In addition to causing increased risk for various cancers, 
low level ionizing radiation may be iiplicated in excessive risk of death from heart 
disease. 

There have been few studies of genetic or preconception effects of exposure to 
low-level ionizing radiation in human populations. Genetic effects have been 
-sought and could most obviously have been expected in the off -spring of atomic 
bomb survivors. This may be due, among other factors, to maskinjj of mutations, 
delayed expression of them, incomplete data on spontaneous abortions,, populations 
in areas with higher than usual background radiation have been investigated for 
the presence of chromosomal aberrations and developmental anomalies. The former 
have been found in high radiation areas in the state of Kerala, India. In Kerala 
villages with high background radiation - (1500 - 3000 mr. Yr-1). Down's syn- 
drome and mental retardation were markedly more prevalent than in villages with 
lower radiation (ca. 100 mr. Yr-1). The two populations- 12.918 and 5.938, res- 
pectively were similar with respect to an array of variables, but the prevalance 
of severe mental retardation of genetic origin was four times higher in the 
study than in the control population. After the incident of Oiemobyll, 
Philliphine has banned the inport of milk and milk products from Holland as they 
contain radio-active particles. 

An inportant act of differentiation is the influence of the external environment, 
which can frequently modify the profoundly development of an organism. This 
particularly evident in plants. How the environment influences gene activity is 
not understood. This is evident that, Anthocyanin is formed only in part.«> of the 
plant exposed to sunlight. 

The biological effects of ionizing radiation was recorded in Oiina by examining 
150.000 Han peasants with essentially the same genetic background and same life 
style. Half of them lived in a region where they received an almos'; threefold 
higher radiation exposure because of radio-active soil. More than 90^ of the 
progenitors of the more highly exposed group had lived in the same region for 
more than six generations. The investigation included the determination of 
radiation level by direct dosimetry and evaluation of a nuiiber of possible 
radiation related health effect including chromosomal aberrations of peripheral 
lympocytes, frequencies of hereditary diseases and defonaitics, frequency of 
malignancies growth and development of children, have demonstrated that ex- 
cessive radiation at moderate dose-rates leads to shortening of life primarily 
due to corcinogenesis. 

The tropical forests probably harbour thousands of organisms of great potential 
used as sources of food, fuel, fibre and drugs. With the large scale extinction 
of these forests, many species of great economic potential are being lost. 

Another aspect of ecosystem preservation is that the vast scope, it offers for 
the evolution of new crop varieties and genetic material strong and vigorous 
enough to face the emergence of new pests and diseases which threaten to under- 
mine the progress achieved in agricultural production, not only does every species 
has its unique set of biological, there is also considerable diversity among the 
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individuals of a given species. This genetic diversity within a species 
constitutes the new material on which is based the generation of new high-yielding 
strains of cultivated crops and dociesticated animals. It is seen by experience 
that these new high yielding strains have become the target of attack by insect, 
nenetodes, bacteria, fungi. A continuous search is needed for newer and newer 
genetic abilities in the crops to overccne the perennial challenge of evolving 
pests. The raw materials for this can come only from the indigenous strains of 
the cultivated plants. 

Each ninute, India is loosing 10 hectares of land in the fonn of soil erosion, 
salinatiim and urbanisation. These efforts mainly focussed on soil conservation 
and afforestation. By AD 2.000 the population of India would be one billion and 
a serious short fall of food grain arises, if the agricultural land is not 
properly maintained. The major rivers of India are highly polluted with 238 major 
Industries pouring 90.000 million tonnes of effluents into the rivers. Underground 
water level rcceeds to an alarming level and as a result all the lakes in the 
country are suffering from a slow process of death. IXie to cutting of grass in 
the hill regions, over 60.000 million tonnes of top soil was being washed into 
the sea every year. 

Although many of the ^environmental problems which the developing countries 
encounter are traceable to poverty and population, related factors are, congested 
habitat, unclean living conditions, unprotected water supply, the damage industrial 
effluents cause to human life. The Bhopal tragedy, the worst industrial disaster 
provided a living example of air pollution following a dt:2dly gas leak, there 
are any ramber of cases of water ways having become poisonous on account of 
industrial units discharging highly toxic substances into them. For example: 
Chemical wastes released from factories are said to account for 131 of Ganga's 
pollution, the figure touches SOX at certain points. At Kanpur, over ISO units 
dump their effluents into the river. "Die contaminated water of Sabarmati river 
in Gujurat is spumed by the cattle, while a polluted 60 Km stretch of TUngabhadra 
in Southern India is reported to have destroyed the bulk of fii-h population. The 
pollution of ground water by Tannery effluents has reached alarning levels. A 
survey of water polluting industrial units identified about 4.100 factories of 
both large and medium sectors in India, that cause a major health hazarduous. 

The living organism is a bio-chemical factory of tremendous potential, A bacterium, 
during its life time can produce more chemicals than man can produce in ail the 
chemical laboratories on the planet. Each species of living organism produces 
something unique, something not produced by any other organism. The magnificant 
mould penici Ilium an antibiotic has revolutionised man's ability to fight diseases. 
Since then. Armadillo, an arcance mammal of America is the only other animal 
besides man, now Known to counteract leprosy. The chemical fertilizers using by 
fanners indiscriminately in developing countries, cause to inactivation of azotobactor- 
a nitrogen fixing bacterium in the root nodules of leguninusae plants that enriches 
the nitrogen contents of soil, that destroy the micro-organic fauna of soil respons- 
ible for healthy maintenance of natural vegetation. 

Highly productive lands slowly lose their ability to sustain vegetation and in 
the process the ecology of the area become qpset. The degree of degradation varies 
with the intensity of human interference ranging from farm lands of declining 
productivity to barren desert lands. Annually about 2.S million hectares turn 
into waste lands in India besides, 1.S million hectares become barren due to 
deforestation alone. 





India had a forest area of 46.35 million hectares in 1981 which is far below the 
estamates of Central Forestry comraission (75 million hectares). The forests in 
Himalayas have suffered seriously as a result, environmental problems nave cropped 
up. The soil on the hill top has been subjected to erosion and the fragile eco- 
system is breaking under pressure. 

Efforts are now being taiccn to preserve the eco-systcm and biotic life by the 
department of environment. Government of India. The man and Biosphere (MAB) 
prograwne launched by the Government, aims at conserving as nuch of the biological 
diversity in India as possible and fonns part of the International scheme to set 
im a global net work of biosphere reserves. The idea of biosphere reserve was 
initiated by the UNESCO in 1973-74, under the MAB prograawe and the first reserve 
was established in 1976. Since then, the net work of international biosphere 
rf»serves has grown and in 1984, there were 243 reserves in 65 countries. Following 
the first International biosphere reserves conference held at Minsk in 1983, an 
action plan was drawn up with the co-operatiwi of the UNESCO, FAO, UNEP and lUCN. 

The evidence for climatic modification due to man's activities has increased 
dramatically over the last decades and the in?)act will accelerate in the near 
future. Climatic nK>dification is first felt, because of the global nature of the 
earthatmospheric energy exchange system and the hydrological cycle. 

The principles of the radiation balance based on potential large-scale iii?)acts 
involve; v.ater diversion schemes for hydroelectric generation, irrigation, forest 
removal, intensified agriculture and live-stock herding and increased urbanisation 
agglomerates atmosphere changes in carbon dioxide and dust contents. 

In a hungry search for hydro- electric power and water for irrigation many of the 
world's rivers have been disturbed by constructing dams across them and create 
artificial lakes and that by early twenty first century, all of the world's rivers 
with any potential for power will have dams across them. In India by 1982 there 
were 53 dairs covering approximately fourteen thousand sq.lOns of land in flooding. 
Land in low latitude increase the net radiation providing, more energy for water 
evaporation into the atmosphere. In the middle and high latitudes, the creation 
of artificial lakes in?)oses climatic effects which are tied to the seasons. 

Albedo of the earth-atr.iospheric syscerri so thit the greater loss of sunlight to 
space leads to atmospheric cooling. This creates a stable atmosphere in which the 
cooler air subsides. Stable air, in turn, does not have the turbulent mechanisms 
for condensation and precipitation. The air borne dust has accentuated the drought. 

A city generates its own distinctive climate. The important differences in 
conyarison to its rural surroundings are shown in the table below: 

Climatic differences between urban and rural areas. 



Conparison with rural environment 

Elements ' 

More Less 



Dust particles 10 times 

Gases 5.25 " 

Precipitation 5-101 

Temperature O.S-l.O^'C - 

Solar Radiation - I5'^xL 

Albedo - 50-1001 

Windspeed I 20-301 

SOURCE : - Landsberg ( 1962 ). 
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High evoparation certainly increases rainfall and snowfall m the autum and early 
winter. 

Forest destruction represents a surface modification which lasts a considerable 
period. Rouse (1976) reports that burning of the subarctic forest near the tree 
line in North*Western Canada results in a 10 to 15 percent reduction in, sunner 
ti«e, net radiation and a wore arid environraent, with drier and wanner soils 
results in reduced evapotranspi rations. Forests removal results in substantial 
changes in the energy and water balances of a surface and in the availability of 
soil moisture. The removal of forests in the wet tropics appear to create irre- 
versible changes in the hunus layer provided by the forests. Attenpts to convert 
these areas into agricultural lands destroys the humus layer and transforms the 
soil into an inpcrvious lateritc with a small soil moisture storage capacity. 
This effectively prevents the re-establishment of tree-growth. In Rajasthan desert 
of htorth West India, overgrazing by goat herds has allowed erosion to place large 
amounts of wind, borne dust in the atmosphere. 

As a sequel to the enactment of the Environment (Protection) Act 1986, Govt, of 
India has drawn up a con^)rehensive progranine for inplementation of new Act, through 
extensive survey and research on the current situation, involvement of 150 Univer- 
sities foe environmental impact assessment, measures to prevent environmental 
degradation and creation of an awareness among all the sections of the society 
including central/state pollution boards and various inspectorates. 

If the measures to protect environment were not taken i;^) on a war-footing, our 
planet would be bereft of trees, in 20 years time. India at present rate loosing 
the forest cover of one and half million hectares e>^*ry year and the situation 
was fraught with serious consequences of humans as well as animal survivals. 
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EDUCATIONAL SYSTEM 



Prc-Univers ity Education or 10 ♦ 2 standard is a course introdu *d in India soon 
after the schooling and the student will enter the course at the age of 16. The 
duration of the course is for two years, having Arts, Science and Coinroerce 
faculties. Candidate nay choose any one gro^ as his optionals for his studies. 
The course is run by a seperate Pre-Uni vers ity Board and after the canpletion cf 
this course, the candidate is eligible for admissions into degree classes of 
relative subjects; students desirous of seeking admissions into Technical /Professional- 
degree courses like Engineering, Medicine, Phannacy, Dentistry, Law etc., should 
have obtained at least 50t of the marks in the theory examinations of relative 
obtiopil subjects in the second year teminal examination, which qualifies him 
to tay^r entrance examination. The successful candidate will have to appear before 
a board of experts for final selection. 

The intact of Radiation and Environmental pollution is of manifold in nature on 
biotic life, more particularly on human life. In recent times an awareness is 
created to abate health hazarduous and to save the next generations. Government 
of India, Universities and other study and research centres have taken measures 
to introduce Environmental studies as one of the branch as a regular curriculum 
from pre-university level, the present paper will help as a guide line to frame 
the syllabus and sort out the relevant ch^ters for studies in pre-university and 
degree levels in Indian schools and Colleges. 
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Dr. G.C. Bhyraiah is a B.Sc., (Hons) graduate in Botany and obtained M.Sc., degree 
from Mysore University (S.India), taught General Botany, Cytogenetics and Ecology 
for degree cources for 18 years and cytogenetics for postgraduate courses for 
8 years, obtained Ph.D., in Bioroetrical genetics : ccmducted research on cytogenetics 
and plant breeding in the genus Crotalaria Linn, and effct of Industrial pollutents 
in chromosomal aberrations . Published several p2q>ers an?" attended quite a lew 
National / international Seminars / Conference on Science, Education and Technology, 
delivered lectures in various Universities on present day topics concerned to 
biological Sciences. 
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1) Indian Institute of Public Administration. 

2) New York Academy of Sciences. 

3) International society for tropical Ecology, 
presently hold the position of Director, 
College Developtnent Council in the 
University of Mysore. 
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SCIENCC r^^CATION AND THE SCIENCE OF NUCLEAR TECKr:0LOGY. 
ITS CONTkOVER;JY .W impact cm DBVHtOPING SOCrETIES 

Dr. I.T. Eshiet (Itiiversity of Cross River Sute, Dyo; NigcrU) 



In rtc«nt tlaes, seotorial pr^^c^xes have 
built up in soa« d«velopad countries ori the need 
to reduce if not ooopletely disi»ntle nuclear 
we&pont. The ri«k» art obyiouc. Hot auch how- 
ever io known of «n7 aovenente on this com- 
pelling need* the larger society, especially ±n 
the third world is ill-inforDed* This paper 
seeka to esUbliah the need for educating th^ 
eociety on the dangers of nuclear fall-out ab a 
part of our Science filucation and Society Fr>- 
gramneS) Infomation on preparedness to ^^an^*e 
radiation Tictias is sou^^t from practicirg 
medical personnel thro- -ti a questionnaixo* The 
responses show that our medical units Axa iU- 
prepaxed to handle radiation caseff« 



DTTHCDUCTION 

The change to peaceful uses of m-^slear energy as is seen in the 
technology of nuclear fuels for the production of electricity ushered 
in a sigh of relief to the disturbed po|Julation who all along had 
raised objection to the continued military uses of nuclear power* 
But although the propaganda on peaceful development wages on, many 
natior»s, especially the super-powers are stockpiling nuclear arsenals* 
Worse still are the dangers of accidents that could occur in nucljar 
plants as known to have occurred in recent past* Hot much is heard 
of or known about the technology of nuclear weapons in the third vorld 
especially in black African countries excepting South Africa, but the 
dangers of nuclear fall-out uxt not limited to the boun<? iries of the 
country of origin* In an event of the deployment of nuclear weapons 
or an accidei<tal damage to a nuclear plant close enough to a thixd 
world country, how protected are the populace from the f • " Vout? 

Tewari ^^9Bk)^ observed^ 



A report counts above 50,000 nuclear warheads in 
the world today corresponding to 3*5 tons of TNT 
for tfvery human on the earth. This combined with 
chemical, biological and laser devices is aore 
than enough for the annihilation of all forms of 
life* 



A careful examination of the General Studies (Science) pro- 
grammes in eix Xigerian Universities ghows that althou£ih environat^tal 
pollution is a course in each protpraniDe, nothing is taught on safe- 
guards and protection of the populace against dangers of a nuclear 
fall-out* It was then felt that perhaps the answer to this could be 



ABSTRJLJT 



ERIC 




656 



found by interriewin^ medic&l pncticals vbo are in a position to 
handle victims of radiation and accompanying effects of a fall-»out« 

SlGKgICAJ:CK 0? THK gHTOY 

Current ani past publications on Science Education and Society 
do not give consideration to radiation effects on the population in 
the arec of ShvironDental Education. With increasing tendency for 
nations to develop nuclear enert^ and the obvious t!:reat to life and 
the survival of the human race* there is the need to educate the 
society on the dangers of nuolear fall-out* The International Organi- 
sation of Science and Technology education (lOSTE) has a duty in this 
respect* Other organisations such as the Sritish Ikdical Association 
(BHA)^ and Medical Caopaign against Nuclear Weapon^ are Bounting 
csapaigns against the developoent and deploynent of nuclear weapons* 
In Joy. opiniont the third woxld countries are likely the cost ill- > 
prepared and consequently the most ready victims of a fall<»oat* As 
HichDond (1983)^ obserjred: 

In the Third Vorldt countries apparently 
outside the East-West confrontation reaeaber 
Horishima and wonder if they could be the * trial 
run* for the new generation of weapons* 

In Britaint the newly-fomed HedicaX Cao- 
paign against Kuclear Weapons has Joined forces 
with the Medical Association for the Prevention 
of War which was founded in 1951 At the peak of 
the cold war* Together t they are struggling to 
make the British jniblic aware of the medical 
effects of nucleaz' weapons •••* In matter-of- 
fact languaget the report sets out the devasta- 
ting consequences and medical problems after 
nuclear war* 

If the sc/ciety is made to know the environmental dangers of 
developing nuclear energy and weapons t it would be possible to 
influence the need to reduce its developtaent and deployment* 

STATaiEK^r OF TfiS PaOBLSK 

To vhAt extent are practicing doctors in the third world 
equipped to manage radiation patients in event of a nuclear .Call- 
out? 

PROCEDURE 

A twenty-three item questionnaire ranging from practice 
experience to knowledge of eubject matter was distributed to medical 
practitioners ij, the Cros>« Hiver State of Nigeria* Thirty-two 
doctors completed and returned the questionnaire* 
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LDOTATiai Cr THS gniDY 

This study does not covsr all states in the Federal Hepublic of 
NiStria and as such cannot represent overall views* It does however 
indicate reasonably bow the doctors would react to a situation of 
tserstncy arising fron a fall-out. Secondlyt the ordinaty people in 
the society who would normally constitute the bulk of the victims of 
« fall-cut, have not been interviewed* 

AKALYSIS eg ij-.jgPrt!g7^ 

In this sxercissf the responses are grouped and recorded with 
a view to giving the reader a chance to draw personal conclusions* 

Doctors* Reeponaes to ftaestions on Hadiation Ktnagwent (II m 32) 



Subjsct questions 


Kesponses (>4 to the nearest 
whole number) 


Year in practice 


1-10 (60;o); 11-20 (20/^); above 20 ( 20^ J 


Approxijsate nuaber of 
patients treated* 


500-10,000 (60^); a)xwe 10,000 (1*0^-) 


Specialised area of 
practice* 


Surgery (2Q^)j Medicine (?5/.)j Obsterics 
and Gynaecology (l2?*); General Practice 
(32$t)f Pediatrics (Vtyi). 


Experience in the use of 
X-ray in Medicine* 


Good - Excellent 


Identified dangers of long 
exposure to radiation. 


Cellular damage, irradiation, bone 
neurosis* Cancert mutation of genes, 
congenital oal-formation, infertility. 


A disease similar in 
presentation* 


Leukaemia; Cancer 


Knowledge of use and* 
deployment of nuclear 
weapons. 


i) Ho idea (UQ?i) 
ii) Fair knowledge through reading 


Have you handled any 
radiation case before? 
Besponse of patients if Yes 


Ho. (60>^); Yes (20^0 

Slow response (12^); Death (B>i) 


Vihat would be your 
reaction l£ event of a 
fall-out? 


i) Ho idea (hO)y) 

ii) Hvacautlon of inhabitcuits of 

affected area and treafe-oat (25.) 

ai) others (3SS) 

- Serious concern. 
-> Panic* 

- Sad* 

*- 1*11 run for dear life if not 
directly affected* 
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Subject questions 



Hespontes to the nearest vhol^^ 
Kuaber) 



Poiibility of Nii;erl« 
b«ln^ affected by « 
faU«K>ut. 



Jloit poGsible - (20,*, 
Just possible * (^^/«, 
Fairly possiblij - (20,5. 



Lerel of Prepttrtdness to 
handle cases* 



Hotie (q?«) 



Keed for aass Education 
of the populace 



Tes (100^) 
Dr ffeney Level : 

V«ry Urgent 
Just Urgent 
Hot so Urgent 



Personal views 
(selected few). 



1. ^?he risk of a fall-out is real but 
far greater If one's coiaitxy deve- 
lops nuclear energy* 

2. There in the need for general 
education on radiation «nd radia- 
tion effects* 

3. Call for « atop in the developoent 
of nuclear weapons* 

l\* Heed for cooperation with anti- 
nuclear war groups in the world to 
reduce the risk of war* 

5* People should be trained in the 
oanagenent of cases in thic field 
of nedicJne rather than wait until 
it happens* 

6* Nuclear energy thou^Ji cheap to xaain- 
tain (not to acquire) is still a 
risky venture to be undertaken by 
developing nations* Accidents In 
developed nations testify to this* 
Hanageaent of victims of radiation 
is still not easily accccplished 
and severely affected victims inva- 
riably never make it* Hence, for 
prevention of ouch accidents t we 
have to linit or even disaantle 
the variour plants and weapons* 
Nuclear proliferation is definitely 
to be discouraged by all une and 
peace loving peoples of the world. 
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DISCUSSIGN /M) OQNCXUGIGN 

A high percentage of the doctors have not managed radiation cases and 
have only a fair knowledge (through reading) of presentation of cases 
resulting from nuclear fall-out. Individual reactions of the respondents 
in event of a fall-out show a disturbing '•no idea" submis«''*>n and a 
"fi.9^.P"^^^- ^^^^ ^® respondents generally accept . t there 
a possibility of Nigeria being affected by a fall-out, the.c is no prepara- 
tion towards handling affe -.ed patients. Tlie need for oss education of 
the populace is registered and a call for reduction and dismantling of 
nuclear weapons re-cnphasised. * 
I recoraroend that radiation science and resulting hazards should form a 
part of our conteraporary issues in Science Education. 

^nseq rently, science education prograniaes in institutions should involve 
tnese issues as a coqponent of environmental science education prograame. 
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PHE-qNIVEh3m SDUCATIOHAL SYSPBH IH NIGHtlA 

Nigeria opentes a national •ducational atzucture conaonly 
referred to as the 6-3-3-44 ^ystea* 

first 6 years Primazy Kducation, a^s 6 « 12 

The next 3 years - Junior Seconiazy Scho61 (JSS), 
ages 13 - 15 

The f ollowizig 3 years - Senior Secondazy Schorl (SSS), 
ages 16 - 18 

The last k years are on the University progruomes* 

• ^ode of Assesgment : 

Primary : Assessment is conventional within the 
progranoe* Each year is broken into three terms and 
examinations are conducted at the end of each term* 
Proniotion examinations are at the end of the yearns 
prograsxne and are normally school examinations* 
Overall prograsDe examination is at the end of the 
6th year and is conducted externally* This is the 
certificate examination* 

Second aiy: s (JSS and SSS)* 

Evaluation is by continuous assessment through course 
workt end of term examination and final pro^pramme 
examination all of which are used in computation and 
determination of final grades - subject by subject. 
Thevei£^ting is- Continuous Assessment (60/0; end of 
programme examination (l«0/o}* 

A BRIZ7 ADIOBIOGRAFHICAL KOTE 

A holder of B*Sc» (1st Class Hons) Chemistry, London and 
PhJ). (Toadan); 21 years post qualification experience in 
teaching in tertiary institutions; Deputy Provost of the 
College of Education (1978-81*); Acting Dean of the Faculty 
of Science (198V85); Dean, Faculty of Education (l985 - 

Presently i Header (Science/^ucation - Chemistzy); Director 
In8titi\te of Education and Head, Department of ciirriculua 
and Inctructiony University of Cross Kiver State, I^o, 
Higcria* 



Publications ! Fifteen publications in the areas of natural 
products chemistry, organic synthesis and Science Education* 



GENERAL STUDIES IN THE SOCIAL DIMENSION 
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Martin E.D. Henry, B.Sc., Dip. Ed. ( Jamaica ) 



Sone neasxire of understanding of Science and Technology has become 
a necessary requirement for functional citizenship in all modem soc- 
ieties* Science has been the prime creator of contemporary Industrial 
civilization, and the ordinary citizen living In a 'scientific' society 
will be confronted with numerous decisions which only a knowledge of 
Science can help hla nakc intelligently. By a 'knowledge of science' 
we do not mean knowledge of the details of Biology, Chemistry, Physics 
and other scientific disciplines; rather we are referring to a general 
understanding of what science is, how it operates, how it developed 
and how It's findings have been and can be applied - in short, a grasp 
of the social diaenslons of Science and Technology, 

It must not be assumed that Science students will iiaturally 
acquire this understanding. The manner in which school science is gen- 
erally taught - as facts, laws, theories and experiments, fragmented 
into compartmentalized disciplines, does not provide a suitable en- 
vironment for the development of such an understanding, Non-Science 
students have even less opportunity of examining Science and Technology 
in their broadest, most general context. 

The Pre-Unlverslty (sixth form) General Studies Progranoe at Brown's 
Town Community College in Jamaica, has provided the author of this 
paper with an opportunity to Introduce students to the*human side* of 
Natural Science, to provide a forum for them to develop the capacity 
to evaluate and choose on the basis of available scientific information. 

A short course, "General Studies (Science) has been developed and 
taught to four successive groups of Pre-Unlverslty (Advanced Level) 
students over the past four years. All the groups were a mixture of 
Arts, Social Sciences and Natural Sciences students. The organisation 
of the course, teaching strategies, methods of evaluation and an assess- 
ment of it's impact, are briefly summarised in this paper. 



"COUnSE DESCRIPTION" 

This course very briefly surveys the nature and the growth of 
Natural Science, the impact of scid^cific ideas on man and his world, 
and it will also examine some of the disturbing moral and ethical Issues 
raised by the application of scientific knowledge, and the place of 
Science in Jamaica. 

'*AIMS" 

This course is designed to help students in providing meaningful 
answers to the following questions: 

(1) What is Science? (2) What do Scientists do? 

(3) How do Scientists do what they do? 

W How has Science affected man and his world? 
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(5) How can Science affect ivin's future? 

(6) What are the social responsibilities of ^he 
Scientist? 

(7) Of what value is a knowledge of Scientific 
principles? 

(8) What are some of the *Big Ideas* of Itodern Science? 

(9) How did these ideas develop? 

(10) What role is Science playing in the growth and deve- 
lopment of Jamaica? 

in ADDITION 

Studenis should develop skills in; 

(1) Collecting and using information. 

(2) Organising information and presenting it orally or 
in writing. 

(3) Analysing, Synthesing and Evaluating information 
for decision-making in areas related to Science. 

(4) Collaborating with others. 

•COURSE CONTENT' 



Introduction t Overview 

Discussion of the following questions: 

(i) What is Science? (ii) What do Scientists do? 

(iii) Of what value is a knowledge of Scientific principles? 

The Nature of Science 

(i) Basic postulates of Science 
(ii) The Scientific Method 
(iii) The Scientific Revolution 
(iv) Major concepts (*Big Ideas*) in Science 
(v) The role of Accident and Imagination in the pro-- 
gress of Science 

The Growth Of Scientific Ideas 

A brief survey of the history of science through a bio- 
graphical study of a selected group of major scientists. 

The Impact of Science on Han and! His World 

(i) Technology . (ii) The Industrial Revolution 
(iii) Particular fields for consideration: 

- Medicine, Agriculture, Materials, Communications, 
Warfare, The Environment, Art, Religion. 

Morality, Values and Ethics in Science 

(i) Discussions of crucial issues in Society raised by 
the practice of Science, e.g. Nuclear war, Life- 
Support systems. Genetic Engineering, Pollution, 

Machines displacing Human Labour 

(ii) Debate on the control of Science and Technology. 

Science in Jamaica 

(i) Institutions of Science in Jsunaica. Their contri- 
butions to the society, 
(ii) Applications .Science in Jamaica 
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-Ixaported technology 
-Indlgenotts technology 
(111) A Science and Technology policy for Jamaica. Plans for the future. 
(Iv) The role of Science Education In Development Strategies for Jamaica. 



With Halted time available, much of the work was done outside of 
classes In Independent or group researches. Class sessions were mainly 
used to discuss, debate, clarify, amplify and Integrate Into a cohesive 
pattern, data which were collected. Students were required to present 
their findings and to face challenges from their peers. Mini-lectures 
of 10 - 15 minutes duration were used to present some material and to 
spark discussions or to define the scope of assignments. Research 
efforts not only saved tine, but provided vehLjles for achelvlng the 
additional objectives of the course. 

Teaching resources were largely limited to books, journals and 
local newspapers available In the College library and the public lib- 
rary. There was no access to audiovisual resources, nor opportunities 
for field visits though both teacher and students recognise the poten- 
tial value of these. 



General Studies (Science) has been assessed on two bases: 

1. The performance of the students on terminal assigments (a major 
research essay and^ascrapbook of items - on a scientific theme 
relative to the objectives of the cours^; and 

2. The response of students to the content and methods of the course 
(questionnaire given at the end of the course) 



GENERAL STUDIES (SCIENCE) COURSE EVALUATION QU ESTIONNAIRE 

1. Were you interested in the course? Why? 

2. How much work did you put into the course? 

3. How well could you follow the material presented? 

4. If you had difficulty following, say why this was so. 

5. Which part of the course did yea like most? Why? 

6. Which part of the course did you like least? Why? 

7. Was the course in any way relevant to your needs? If yes, how? 

8. Would you recommend that this course be taught to the students 
who cone after you? Why? 

9. Suggest ways iu which the course could be improved. 

10. Comment on the way the tutor conducted the classes and related 
to the students. 



Continuous dialogical interaction in classes yeilded valuable 
non-quantitative data on both performance and response. Every effort^ 
Including Informal seating arrangements, was made to encourage students 
to talk, to question and to challenge. 



"TEACHING STRATEGIES** 



'EVALUATION OF THE COURSE' 
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Results 



In the four classes taught so far, a total of 93 students have 
participated In this course* 

TABLE I 1 Class Performance on Tenolnal Assignments 



PERFOKMANCK 
DATA- 


CLASS I 


CUSS II 


CLASS III 


CLASS IV 


COMBINED 
CLASSES 


Mean Essay 

Score (Z) 


56.9 


59.5 


60.5 


59,6 


59.1 


Mean 

Scrapbook 


63.1 


58.0 


70.5 


58.9 


62.6 


Mean Total 
Score (Z) 
( Essay & ) 
(Scrapbook ) 


59.6 


58.8 


65.5 


59.3 


62.0 


Standard 
Deviation 
For Total 
Scores 




20.7 


19.8 


19.3 


15.6 


13.9 


Z of Total 
Scores >^ 
Minimum 
Satisfactory 
Score of jOZ 


72.7 


76.5 


80.0 


80.0 


79.8 


Z of Scores 
2^ Mean Score 


63.6 


41.1 


50.0 


50.0 


51.2 



Mean class scores have been In every case considerably greater 
than the minimum satisfactory score of 50Z and score distribution has 
been biased toward the higher end. An average of 51. 2Z of the students 
achieved total scores greater than the combined class means. 

Standard deviation values Indicate a rather broad distribution of 
scores. It seems that the most Impottant difference between students 
gaining high scores and those getting low marks is the quantity and 
quality of research and organisational work undertaken. Classes were 
fairly homogenous In Intellectual ability as judged by entry qualifi- 
cations for the sixth form. There was no significant difference In the 
performance of the Arts and Science specialists In the classes as 
Table II shows. 

TABLE II : Relative Performance of Arts and Science Students 
( From Total Scores) 



PERFORMANCE DATA 


CLASS I 


CLASS II 


CLASS III 


CLASS IV 


COMBINED 
CLASSES 


Mean Score Arts 
(Z) 


60.1 


57. A 


68.3 


58.5 


61.8 


Mean Score 
Science (Z) 


59.1 


60.2 


62.7 


59.9 


60.5 


Difference In 
Mean Scores 


1.0 


0.8 


A. 6 


1.4 


1.3 



31? 
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In 80 far as thz asslgnaents have reflected the objectives of the 
course, the classes have shown aodest achievement of those objectives. 

Questionnaire responses ( which because of limitations of space 
cannot be presented In detail ) Indicate that most students were Inter- 
ested In the course and found It relevant and useful. Every student 
recoaaended that the course be taught to the group coming after him. 

If the short Introductory Section A of the course was omitted, 
then the beat liked sections and activities of the course rauk t 

D > E >'DISCUSSIONS> F> C >B> RESEARCH, 
DISCUSSION 

The very great popularity of Section D - 'The Impact of Science* 
and Section E - 'Morality, Ethics and Values' justifies the rationale 
for offering General Studies (Science) , The level at which It was 
taught vss neither unmanageably difficult nor too easy to be challeng- 
ing. 

Tine and resource constraints have Imposed some severe restrict- 
ions on what could be accomplished by this course, but the results are 
nontheless encouraging. 

General Studies (Science) was designed for s small, highly spec- 
ific group which Is at a fairly advanced stage In the educational 
system of Jamaica, A course of this nature could be made more gener- 
ally useful If modified to fit Into a General Education Curriculum 
for less advanced students. 

There Is a pressing need for courses of this type In the 
Educational Systems of Developnlg Countries where the development 
pathway Is largely percleved as a technlco - scientific one. Citizens 
will need a basic understanding of Science and Technology to make 
critical choices about personal and societal problems, 

•'General Studies (Science) is the only way in this 
institution that the importance of Science and how 
it affects people's lives can be presented to stu- 
ents ( a response to Question 8 of the course 
evaluation questionnaire ), 
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THE EDUCATIONAL SYSTEM IN JAMAICA 



The educational system In Jamaica Incorporates inany elements of 
the British System from which It was derived In colonial times. It Is 
presently a terribly complex and unwelldly system, but efforts are 
under way to simplify It and to raise Its efficiency. 

LEVEL X ! Early Childhood Education (Basic School) 

Age : 3 - 6 years. Less than lOZ of 3 - 6 year olds 
attend. Most schools are privately run but may be 
subsidised by government. 

LEVEL 2 : Primary Education ( Two types of Schools ) 

Type T - Age| 6-12 years. Grades 1 - 6| A3 Z of 
students. 

Type II - Age: 6-15 years. Grades 1 - 9| 57 Z of 
students. 

Last three grades offer an attenuated secondary curri- 
culum. 

Universal Free Primary Education. 

LEVEL 3 : Secondary Education (Four main types of secondary) 

(schools ) 
Type I - Grammar High School; Academic Curriculum. 

Age : 12-18 years. Entry by highly com- 
petitive examination taken at Grade 6. 
30 X of secondary students. 
Grades 7-13 (Last two grades are Pte - 
University with relatively few students) 



Type II - New Junior Secondary School* Vocational 
Curriculum. 
Age ; 12 - 17 years. 

Automatic entry from Type I primary school. 
60 Z of aecondary students. 
Grades 7-11. 

Type III - Technical High Schools. Academic - Voc- 
ational Curriculum, 
Age t 15-18 years. 

Entry by very competitive examination taken 
at Grade 8 In Type II primary or New Sec- 
ondary . 

A X of aecondary students. 
Grades 9 - 12. 

Type IV - Comprehensive High School. Academic - Voc- 
ational Curriculum, 

Experimental combination of Grammar High 

School and New Secondary School. 

Ajje t 12-17 years. 

6 Z of secondary students. 

Grades 7-11. 
Secondary Education Is Universally Free but highly 
variable In quality. 

LEVEL A J Tertiary Education (University of the Vest Indies) 
English - speaking Caribbean regional university. 
3 campuses. 

Entry by British Advanced Uvel Examination, taken 
in Grammar High School Grade 13 or Cotmnunity College. 
A typical university, Degrees granted. 
35 Z of tertiary students. 

Tertiary Education - College of Arts, Science & Tech- 
nology (CAST) 
Advanced vocational training. 

Entry by secondary school leaving examinations taken 
at Grade 11. Diplomas & Certificates granted. 
23 Z of tertiary students. 

Tertiary Education - Conmunity Colleges. 

( There are A of these) 
Combination Sixth Form College and Vocational 
Training Institution. 

External Examinations taken. Certificate granted, 
15 Z of tertiary students. 

* Course taught to Pre^Unlv^rB^t^ (sixth form) students in one of 
^these. ■ ■ " "'*•** — 



VARIOUS INSTITUTIONS - Private and State run for 

training Nurses, Teachers, Agricultural Personnel, 

Business Personnel, etc,. 

Diplomas and Certificates granted. 

27 Z of tertiary students. 
Approximately 2 Z of the population attain tertiary education. 
No tuition fees between 1973 and 1986, Fees now reintroduced 
for U.W.I, and C.A,S.T, 
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SCIENCE AND TECHNOLOGY EDUCATION AND "HE CONCEPT OF 



QUALITY OF LIFE 



Myriam Krasllchik 



School of Education, University of Sao Paulo, Brazil 



At present, "iraproveroent of the quality of life** appears as one of the 
objectives of teaching in the secondary school (LEWIS, 1981). 

For so(ne, the quality of life is an absolutely valid factor for the 
whole human species. This situation, the result of a process of massifi- 
cation* levels expectations, stimulates consumption, and imposes the 
same values on different communities. However, it is necessary to take 
into account that the quality of life is defined by the pretensions 
which prevail at a certain historical moment in each community and which 
imply, at times, in very pronounced differences. 

Parallel to the biological evolutive process, the quality of life is a 
function of paradoxically complernentary attitudes: the Maintenance of 
values, cultural standards, traditions and technologies, and the innova- 
tion that brings about ruptures in the routine, renews customs, creates 
new products and develops technologies. Thus, improvement in the quality 
of life depends on antagonic conditions. One condition is respect for 
tradition and for the practices consecrated by a certain community as 
part of its culture and beliefs. The other condition, which corr.plements 
the first, is the possibility of constant renewal by means of the intro- 
duction of new techniques, new values, new forms of subsistence, and new 
forms of seeing and facing the same subjects. 

The incessant attempt to improve the quality of life is one of the pecu- 
liarities of the human species, creating differences that make this spe- 
cies ever-changing and multi-faceted. 

A biological characteristic upon which survival of all species depends 
is food, which maintains the same standard throughout time. The l^uman 
species is the only species that constantly looks for new foods, depend- 
ing on progress in the identification of edible organisms and on new 
methods of preparing and preserving food. New types of food and drink 
are constantly invented, multiplying the possibilities and the repertoire 
for meals, determining cultural standards and differentiating religious, 
cultural anci ethnic groups. But it is remarkable that, at the same time 
that man can always count on new alternatives for his diet, some human 
groups create taboos that forbid them to eat certain types of food, even 
in the face of extreme danger. 

Clothing is also an example of the biological process of adaptation to 
the climate, and one which led to the search for new forms of protection 
and of beauty, u-ing different materials and new forms, defining national 
groups, social classes, and aesthetic standards which come to identify 
certain human groups. In this process one identifies both those societies 
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considered primitive, that produce clothing with the beauty of the feath- 
er art of the indians, and those societies considered advanced, that pro- 
duce the new fibers, weaving patterns, designs and modelling which con- 
stitute fashion. 

As far as habitation goes, the human species is not content with one 
single standard as are other species. Changes in the architectonic 
structure of the buildings where man lives have characterized regions, 
societies and historical periods, thus surpassing the biological sphere 
to define. Instead, a cultural territory. 

Within these processes, the diversification of the instruments used in 
the search of new ways of satisfying the desire for change and improve- 
ment, as well as the maintenance of standards considered acceptable and 
desirable for the improvement of the quality of life, played Important 
roles. Quality of life depends, therefore, directly on man's relation- 
ship with nature, and with the members uf the conmunity to which he 
belongs. 

Quality of life is not restricted to the fulfilment of biological neces- 
sities, but Implies in the fulfilment of individual and group aspirations. 
Nowadays one must include among these aspirations not only food, shelter 
and clothing, which were already mentioned, but also education, health, 
working conditions, availability of leisure, etc. 

Traditionally, the analysis of this type of problem was left to the 
teachers of Human Sciences, but in the present phase of development of 
the teaching of Sciences, educators all over the world point out the 
necessity of taking into consideration the social implications of scien- 
tific development, as well as nature itself, and technology, its way of 
operating and its consequences on the quality of life, in courses of the 
scientific disciplines. 

Many countries are revising Science curricula for very diverse reasons: 
political liberation and affirmation of the cultural identity of nations 
and peoples; expansion of educational systems and the quest for the 
democratization of education; preoccupation with "international economic 
competitions, in the center of which is each nation's struggle to dominate 
th2 technological mutation with which all are faced- (CHEVENEMENT, 198^- 
This revision has led to programs which point out and emphasize Science/ 
Technology, and quality of life/economic development relationships, among 
others. Consequently, Science teachers have new attributions, and are 
forced to face situations for which they are not always prepared. They 
have difficulty in handling problems with political, economic or social 
connotations since university courses, following the traditional line 
of alienated and asseptic Science curricula, are mainly concerned with 
the transmission of sparse and often disjointed factual content. 
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There arc several aspects that touch on v hlems related to the quality 
of life, and which must be brought to attention of students of Science 
courses. 

NuUf-culturillty: It is imperative that pluralist societies recognize 
and accept their complex cultural compositions. In the classroom, stu- 
dents must be helped to understand and appreciate the contributions of 
ethnic and social groups* and of communities with values, traditions, 
and diversified knowledge. The multi-cultural ity analysis process must 
be carried out in such a way as to avoid types of ethnocentrism which 
unterlie the actual nomenclature used in the classroom. Words such as 
"primitive" as opposed to "modern", and "developed" as opposed to "under 
developed", may give students the impression of inferiority which it is 
so important to avoid when our aim is to valorize social pluralism. The 
contribution of different cultures in the development of humanity, the 
explanation of ethnic differences, must be consistently based on informa- 
tion if they are to be accepted naturally and rationally by the students. 

The teaching of Biology can play an important role in this process. Diets 
of different regions can be analyzed and related to health problems, 
growth processes, eating habits and disease. Nutrition, vitamin deficien- 
cies, the incidence of diabetes and dental problems can be related the 
multi-cultural differences should be made from the international perspec- 
tive, or, in countries such as Brazil where there are great regional 
differences, from the domestic perspective in which regional differences 
are analyzed and discussed by the students. 

Science/Technology/Society Relationships: Starting with the first living 
beings, modern Science programs include analyses of the scientific proc- 
ess and of its relationship with technology and with the society. 

The use of materials and the necessity of finding ways to overcome defi- 
ciencies can serve as a starting point for analysis of the relationships 
that exist between Science, Technology and Society. The distribution of 
materials is related to scientific development, with political and econ- 
omic consequences. The production of remedies, food, work implements, 
varied products and the manufacture of handicrafts depend on the availa- 
bility of raw material and on technological capacity, but is closely con- 
nected to marketing processes. Accessability depends not only on the 
desire for comfort, but also on ship and the distribution of power relat- 
ed to processes of hostility, justice and injustice, also create conflicts 
which must be considered by Science at some point in their courses. 

It is neither possible nor advisable to avoid treatment of the analysis 
of problems involved in Science/Society relationships if we wish to form 
conscientious citizens, capable of acting in a democratic society. 
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Science/Technology and Envlrotwent Preservitl on/Restoration Relation- 
ships: Students must understand the impact of scientific and technologic- 
al development on the environment, and although it is not advisable for 
then to assume an alienated position through ignorance of the problem, 
It 1$ equally unadvisable for them to take an emotional stand unbased 
on knowledge and thereby consider science as the major cause of attacks 
on environment. 

Environmental preservation, as an essential Ingredient of good life 
quality, must be amply discussed so as to relate the problem to aspects 
such as urbanization/life in a rural environment, and working conditions/ 
leisure. 

Certain procedures on the part of teachers may help to achieve the ob- 
jectives mentioned, such as the introduction of new contents and new 
teaching methodologies. 

Relating scientific problems to huun aspects: It is impossible to teach 
Sciences without analyzing the causes of scientific discoveries and their 
consequences on the human species. Historical aspects and geographical 
differences should be introduced in such a way as to situate science 
within a broader context. 

Analysis of ethical problems should be included in such a ay as to env- 
phasize the analysis of controversies and the limitations of solutions. 
For example, in one of the projects developed in the Science Teaching 
Center of Sao Paulo (CECISP), one of the activities developed is the 
simulation of a rcseting of scientists in which the validity of putting 
Into practice a method to make rain with no knowledge of the side effects 
It may produce is discussed. The personages assume roles which represent, 
decision making: that of the scientists in terms 
of individual or collective responsabillty. and that of countries, devel- 
oped and underdeveloped, in terms of interest in environmental preserva- 
tlon, of better life quality, and of research financing. Actually, the 
activity brings the student to analyze, as well, the relationship between 
the scientist and society in deciding upon priorities for investigation 
and problems involving the autonomy of the scientists. 

Focusing on concrete current problems: Youth should be led to face cur- 
rent problems in such a way as to make clear their own positions in rela- 
tion to these problems in a well-inforroed and well-fundamented manner. 
For example. In Brazil, analysis of the use of alcohol as fuel and 
reasons for development of the appropriate technology, related to the 
energy crisis and its consequences, make the study of the ••Pro-Alcool" 
program an exemplary case study which is very useful from the point of 
view of analysis of the social implications of science and of technology. 
Analyzing events on the regional, national and world wide level: In many 
cases there are conflicting Interests and several conflicting view points 
on one subject. Students must be led to take Into consideration all the 
various aspects of the subject. Responsibility for environmental preserva- 
tlon is not restricted to one region, to one country. An example of a 

duscisslon in this category could be acid rain and the advis- 
ability of building nuclear power plants In Brazil, and the advantages 
and potential dangers involved. 
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Analyzing Sclencc/Technology/OeveUop^nt Relationships: The conception 
of development/underdevelopment and of its relationship with the scien- 
tific and industrial capacity of each country may allow students to 
analyze the subject in such a way as to appropriately valorize the role 
of science and of technology. This wilTnot be possible without relating 
the problem to neo-colonialisro. Brazil's dependence on raw materials and 
patents for production, and the role of bio-technology are examples of 
topics that will help the teacher and the student to discuss the subject. 

The Future: Although Science courses trust focJs on current problems, they 
must not fail to consider* from a prospective viewpoint, how science and 
technology should develop so as to better ensure that the world be a 
place of peace and justice in which the quality of life really fulfills 
the aspirations of each coamunity. 

Nethods: It is obvious that the topics and subjects suggested cannot be 
handled adequately in class by means of expositive methods. Discussion 
and teacher-student interaction are essential if youths are to acquire 
Information and aniMyze values, conceptions and aspirations in such a 
way as to make clear exactly what they consider a desirable quality of 
life, levelled off at a plateau on which there could be a multiplicity 
of possibilities for the fulfilment of all. 

The didactic modalities to which teachers can resort are varied: simula- 
tions are good for the discussion of processes of conflict, but may in- 
volve the danger of developing in the young the capacity for argumenta- 
tion unbased on conviction. It is essential, at some point in the course, 
that each person make his or her opinions, as well as the reasons for 
these opinions, very clear; case studies are also very good for the study 
of society/science relationships. Analysis of prouV^-ms such as the anti- 
pollution program of the city of Cubatao, Sao Paulo, Brazil, based on 
newspaper and magazine cuttings and taking into consideration the opin- 
ions of scientists, industrialists, city inhabitants, workers, politi- 
cians and of environwntalists on the subject, stimulates very fruitful 
discussion ana reflection; visits to factories, business fims and fanas 
are useful not only for the students to observe scientific processes 
applied on a large scale, but alio to ensure that they will not neglect 
the human element and working conditions. The Science teacher's reper- 
toire is vast, but it implies in a basic change of position if activities 
are to achieve success. 

The main objective of the inclusion of subjects that lead the student 
to analyze elements that interfere in the quality of life is to synthesize 
his opinions, leading him to build up his own concept of his own individ- 
ual aspirations, and of the aspirations of the community in which he 
lives. This process will be the beginning of more profound studies tnd 
actions that can lead to actual improvement of the aspiration level. 

To bring this about, broadening of the objectives of regular school 
Science courses is not sufficient. Teacher training schools must broaden 
their objectives as well. The development of educational resources is 
also essential to give professionals an incentive to evaluate the iropor- 
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tance of the problem, and to hepl them recognize that they need support 
to carry these objectives into their classrooms and to develop new ideas 
and proposals. 
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ARMS CONTROL ISSUES IN SCIENCE AND TECHNOLOGY EDUCATION 



Lester G. Paldy (Center for Science, Mathematics and Technology 
Education and Dept» of Technology and Society, 
State University of New York at Stony Brook, 
Stony Brook, Nevr York 11794-3733, USA) 



l>r»«id«nt Dwight D. EiMnhoiMr dolivwrsd him far»M«ll 
address to th« AMrrican p«opl« morm than a quarter of a 
ontury ago» but his •xplanation of th« d«vttlopMnt of 
th« ''Military-industrial complRx" and thtt special 
problMS that such a configuration of powerful 
organizations pose for democratic societies is still 
accurate. Fewer persons remeiiber his other warning that 
"public policy could itself becoee the captive of a 
scientific and technological elite.** 

Most discussions of the relationships linking science 
and technology education to ar«s control and national 
security focus on the need for technological advance. 
The argument is straightforwardt if one-dimensional x if 
education programs lag* nations Kill not produce enough 
of the highly trained engineers* scientists and 
technicians needed to support the technological 
innovations that are the forces behind the development 
of new *«eapon5. The effects are remarkably similar, east 
and west. In the U.S.* about sevent'* percent of the 
federal budget for science and engineering research and 
development is allocated for defense-related RtiD <1). 
There is little reason to believe that the Soviet Union 
invests less. This paper suggests approaches for ccience 
and technology educators who want to ensure that public 
policy is shaped with the vigorous participation of 
educated citizens in order to avoid the danger suggested 
by President Eisenhower. 

Science* Technology and Ar«g Con»fol 

Scientific and technological literacy is essential for 
an informed discussion of arms control issues such as 
those listed below. 

« The strategic defense initiative. 

♦ Environmental effects of nuclear weapons. 

• The decision to produce binary nerve gases. 

* The debate over the deploy^^ant of ant isatcl lite 
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• Nuclaar Mcapons tMting* 

• Biological itMponft and ganatic anginaaring. 

HoH affactiva ara aacondary aducation prograas* 
introductory collaga coursas for non-scianca aajora and 
prograas tor scianca and anginaaring dagraa candidatas 
in providing tt>w background naadad to daal with thasa 
iasuas? 

PraCPlXaM Sctanca and Tachnoloav Proora a* in tha n.S, 

Tha Unitad Statas continuas to do a ganarally inadaquata 
job of taaching basic acianca and technology at tha 
pracoZlaga laval. Pockats of axcallanca axist» but 
ralatively faw atatas hava raspondad adaquataly to tha 
problaas pointad out by highly critical atudias (a). 
Raaourca Allocations hava incraasad aodastly but aost 
systaas do not support taaching conditions that fostar 
axcallanca* Tha ravolution that la call9d for by the 
studias has not takan placa. 

FaM coursas -includa any study of public policy issues 
with science and technology content such as those 
related to international security and arns control. Nor 
ere these issues likely to be discussed in detail in 
social science courses. Since aost students do not 
coaplete collage, aost will never have any foraal 
opportunity to gain an understanding of the science and 
technology needed to participate in an inforaed national 
security policy and eras control debate (3*4). 

Barriers to the Dimcussion o f Ares Control Issues 

Despite the existence o^ pilot projects as "Science 
Through Science* Technology and Society" developed at 
Pennsylvania State University ur«der the direction of 
Rustue Roy* relatively few teachers have access to the 
necessary curriculum resource aaterials or to sources of 
training C5>. Few state science syllabi devote 
significant attention to science* technology and society 
issues. With insufficient tiae to teach an already 
overcroNded syllabus, it is unrealistic to think that 
Most teachers will be willing to devote tiee to the 
study of science, technology and society issues C6). 

Higher Educationi MmnuMtm for Public Palicv7 

Undergraduate science and technology education for 
non-science aajors in th« United States is uneven in 
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quality <7, 8). ObMrvations and r»port» suggest that 
•»ny or our und«rgr«du«t« scisncs courses Tor 
non-scisntists ars not advquats for th» analysis of 
public policy issuvs Mith scisncs and tvchnology 
coaponants such as thos« involving ar«s control and 
international security. 

Many faculty clai« that non-scisntists should be eorc 
faailiar Mith the iapact of science and technology on 
public policy, but »ost ignore the needs of science and 
engiTiesring Majors* arguing that ti»e should not be 
taken froe traditional study. As a result fen of theso 
students have nyste«atic opportunities to participate in 
thoughtful discus&ions of the Miy in which science anrf 
technology policy is developed. It is possible to spend 
nine years as a physics student and never participate in 
a discussion of a public policy issue in a regular 
university science or engineering course. Ares control 
and international security issues are ignored (9). 
Such insularity often results in undergraduate and 
graduate educations which are exceptionally narrow- Some 
students eeerge with arrogant technocratic attitudes 
that take little account of the social functions of 
science and technology* to say nothing of ares control 
issues. 

Hany faculty avoid relating science and technology to 
national security and arms control because they are 
reluctant to mix their disciplines with what they regard 
as "politics.** These views are seen in the vigorous 
exchange of letters in journals such as Physics Today ^ 
Chemical and Enoi neerino News and Science. Policy issues 
related to science and national security are regarded as 
particularly sensitive by eany who fear the improper use 
of the classrooB to advance ideological positions. 

Science and technology organizations make significant 
efforts in many forums to influence policy making and 
resource allocation. National security is routinely 
invoked as part of the rationale for the continued large 
scale support for research and development. Arguments 
seeking support for science to increase the quality of 
public policy debates are advanced much less often. Yet 
without such policy debates* run the risk* as 
Eisenhower put it* of yielding the arms control debate 
to elites. Would the U.S. and the Soviet Union possess 
such large nuclear arsenals had of our strategic nuclear 
doctrine bean more clearly perceived* proclaimed and 
fully ebatvd? Defense spending might be reduced if more 
pers* understood their impact on the economic health 
of nations (10). Without the opportunity to acquire the 
broad perspective that can only be developed over a 
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period of mmny yaars* public undarstanding of thase 
issuas Hill r»Min narroM and uninforAad* 

Prgqrgff 

Collagas and univarsitias in tha Unitad Statas ara 
raaponding to tha naad to broadan tha public discussion 
of policy issuas by craating spacial coursas axploring 
tba ralationship linking scianca* tachnology and 
•ociaty. A growing nuabar of thasa coursas axaaina 
issuas ralatad to intarnational sacurity and aras 
control (ID* Oiatrich Schroaar's physics coursa at tha 
Univarsity of North Carolina* has bacn offarad for aany 
yaars. Othars* stiaulatad by tha charp ««Mrganca of 
tachnological and sciantific policy issuas in tha 
intarnational sacurity arana> hava baan davalopad aora 
racantly by sciantists and anginaars Mho ragard these 
topics as iibportant* 

Organizations such as tha Fw.reration of Aaarican 
Scientists* Tha American Association for tha Advancement 
of Science* The Aaerican Association of Physics 
Teachers* the Aaerican Physical Society and the National 
Science Teachers Association hava developed educational 
materials and sponsored short courses and symposia on 
some of the most important issues in international 
security. Ti*o introductory physics texts organized 
around the application of physics to national security 
issues have already been published (12* i3)« Science and 
technology education organizations in the United States 
am beginning to deal Mith the problem of creating a 
more informed body of public opinion that can be 
directed to public policy issues related to 
international sacurity* tut much mora Tieeds to be done* 

There are othor* more increm^^ntal * approaches* Arms 
control issuei can be used by teachers to illustrate 
'.icientific and technical principles. For example* 
discussions of the propagation of seismic Mavas through 
the amrth can be illustrated by examining the current 
debate in the U.S. over the verif iabi lity of a 
comprehensive nuclear test ban. Classes studying the 
transmission of radio Maves can explore the May in which 
the information capacity of radio signals is related to 
frequency by examining tha Iom frequency system designed 
for communication Mith submerged submarines. 

The concepts of precision and accuracy can be 
illustrated Mith examples drawn from discussions of 
circular errors and hard target kill probabilities of 
strategic nuclear missiles. The physics of satellite 
motion can be illustrated in the fraicework provided by 
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th« U.S. 8tr«t»Qlc D«f«nMi Initiativo. Th« affects of 
rmrvm qm% c«n b* •xplainMl in biology cl4.SMS studying 
•ynaptic functions. Anyon* f««ili«r with th«s« issues 
could ttxtttnd this list of topics. 

t.Md«rs in scivnc* end mniinMring progrMs Mist 
•ncour«g» th« d«v*lopMnt of ©li-Tctiv* courSM that 
•xplor» scivnc*, technology and public policy issuK 
d«v«lop«d by faculty representing appropriate 
disciplines. It Mould be a Mjor advance if every 
student had at least one opportunity to participate in 
such a course. 

The State University of Hmn York at Stony Brook offers 
t»«o courses exploring ares control issues and their 
relationship to the scientific and 1 K:hnological 
enterprise. "Nuclear Proliferations Technology and 
Politics" begins with a study of the physical principles 
of nuclear fission» basic engineering design ©f nuclear 
reactors and an examination of the nuclear fuel cycle. 
Students examine the Nonpro lifer at ion Treaty and the 
political incentives and disincentives for proliferation 
from the point of view of both developed and developing 
nations. Ue make it possible for students to visit 
nuclear laboratories, nearby international organizations 
and U.S. government offices concerned with nuclear 
proliferation. 

"Science, Technology and Arms Control" examines the way 
in which science and technology contribute to weapons 
development and to international control efforts. 
Students become familiar with the basic technologies 
involved in the development and production of modern 
weapons systems. They study arms control agreements and 
current negotiations between the United States and the 
Soviet Union (1^). 

Both courses require students to read widely and acquire 
broad familiarity with the literature published by 
organizations such as the International Institute for 
Strategic Studies, Stockholm International Pa«ce 
Research Institute and The United Nations. Students are 
encouraged to read The New York Times, Wall Street 
Journal, Washington Post Weekly and the English language 
•dition of Pravda. 

A few of our students have gone on to graduate study in 
arms Suntrol and national security policy at schools 
such as Columbia University and the Hassachusetts 
Institute of Technology. H^ny students who will purrue 
other careers say that the course has opened up new 
vistas. As one of them put it, "I now turn to articles 
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on artts control ismuM flr»t %<h«n I pick up thm Hmn York 
TiMft. tefor«> I nmvmr r«ad th»« at all." 

Th» Future 

A brcad«r international p«rap«ctiv« is morm likaly to ba 
achiavad in all sociatias if taachars of scianca and 
tachnology includa discusaions of aras control issuas in 
taachino prograas. Uithout a aora inforaad citizanry 
and a graatar nuabar of aciantific and tachnical 
profassionals Mho undarstand tha ralationmhips linking 
thair fialds to intarnational sacurity affairs* poMarful 
alitas Mill doainata tha dabataa and axart unMarrantad 
influanca on national sacurity policy dacisions, iust as 
EisanhoMar forasaw. 

Wa can anliat tha cooperation of our collaaguas in ths 
social sciancas to halp us craata inforaad dialogues 
enabling our students to participate aore fully and thus 
be better prepared to. influence policy decisions. 
Huch can be done Mith jK)dest investaents of resources. 
If Me heed EisenhoMer's other Marning* Me aust attempt 
to create a «ore informed citizenry and a neM generation 
of scientists and engineers Mho possess a broader 
understanding of the international security iapli cations 
of their Mor:<. Institutions of higher education* 
professional scientific and engineering societies and 
secondary schools of all nations should cooperate to 
share inforaation and exchange ideas about ways in Mhich 
these programs can be expanded and aade acre effective.. 
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U.S. children betMcan the ages of 6 and 18 are entitled 
to twelve years of precollege education in systems 
supervised by the individual States. About eighty 
percent graduate from high school. Perhaps half go on to 
some form of postsecondary education. About sixteen 
percent of the adult population will eventually complete 
four or more years of higher education. This paper deals 
with the secondary schools and higher education. 

Lester 6* Paldy directs the Center for Science* 
Hathematics and Technology Education at the State 
University of New York at Stony Brook and is a faculty 
•ember in the Department of Technology and Society. He 
has served in Washington on the staff of the National 
Science Foundation and is a Fellow of AAAS. His current 
research interest is in remote sensing and ares control. 



THE IDENTIFICATION 0? CONTENT SUITABLE FOR A SCIENCE, 
TECHNOLOGY, AND SOCIETY CURRICULUM IN A DEVELOPING COUNTRY 



Williim E. Searles & Zurinu Hayati Meah (Canada) 

During the p^st four decades considerable advances 
in science ana technology have resulted in important 
contributions to the quality of life in developed countries 
but basic problems associated with human suffering of the 
jajority of persons in the third world still remain. 
It is therefore important to determine how to utilize 
recent developments in science and technology to ensure 
that meaningful benefits evolve in developing countries. 
Education has long been recognized as a major influence 
in such an evolution being viewed as "a productive invest- 
ment and an essential factor in the economic* social* and 
technological development of a developing country" (Morris, 
1983, p. 52). 0'.ie approach in education to help overcome 
such concerns iv to modify the general science core curri- 
culum so that the majority of high school students become 
aware of how t^e science they learn is related to the 
environment in which they live. This type of curriculum 
would incorporate and emphasize the interrelationships of 
science* technology and society* to produce educated 
laymen regardless of the diverse nature of their future 
careers. 

A review of the literature revealed the importance 
of an STS curriculum to the needs of a great number of 
students in industrialized and developing countries (Bybee, 
I98O, Eikelhof* 1982j Hall* 1983i Hurd, 1975» Lewis, 1978j 
Marland, I98I1 McConnei: , 1982). Many STS curricula have 
been implemented world-wide but few have attempted to 
incorporate STS issues into the existing science curricula. 
The approach of infusing STS issues into an existing 
science curriculum was specifically chosen because it 
appeared to be the most viable one iinder the prevailing 
socio-economic conditions in a developing country* 

The purpose of this svudy was to identify tech- 
nology and societal items that could be related to and/or 
included in a general science core curriculum. In parti- 
cular* it was hoped that knowledge of these items would 
help to reorientate tl.3 Malaysian Form IV and V General 
Science curriculum towards an emphasis on the interactions 
between Science* Technology, and Society. The result of 
such an orientation would enable a great majority of the 
non-science students taking the course to become mrcs aware 
and to appreciate the relationships between science and 
technology* and their impact upon the individual and 
aociety. 



The Sfcarole 



a) Selection of the Region* The State of Penang was 
chosen for the purpose of this study because it hast a 
history of strong scholastic achievement: a greater hetero- 
genous school distribution within a multi-cultural regioni 
two distinct regions, one urban and highly industrialized, 
the other rural, consisting of agricultural and fishing 
communities. 

b) Selection of Teachers . One hundred and thirty teachers 
were randomly selected from a population of science edu- 
cators teaching the Form IV and V General science core 
curriculum in Penang. Sixty-five of these teachers came 
ftom the urban area, the remainder from rural areas. 

Instrumentation 

The Penang Science, Technology and Society Topic 
Questionnaire (FSTST;i) is an instrument designed to assess 
teachers' attitudes towards STS issues and consists of two 
main sections. Section one elicits information pertaining 
to the teachers* professional background whilst section 
two seeks the teachers' evaluation of STS topics within the 
areas of Biology, Chemistry, and Physics found in the 
Malaysian General Science curriculum. This curriculum was 
chosen because it would be the last science course under- 
taken by the majority of non-science students as well as 
those students who would be continuing their studies in 
science. Textbooks* journals, and other library resources 
were examined to construct a list of STS topics related to 
the general science curriculum and were based on the follow- 
ing guidelines. Tho topic mustt 

1. Be related to science and/or scientists. 

2. Show the interrelationship between science and technology, 
technology and society, or science, technology, and 
socieV* 

3. Be relevant to Penang's environment. 

i*. Be a science, technology, and societal issue. 

Twenty experienced Kenyan teachers, seven graduate 
students, and four professors of McGill University aided in 
the evaluation of the final questionnaire which contained 
151 STS items for Biology, 10? for Chemistry, and ^3 for 
Physics. The questionnaire was then administered to 130 
form IV and V general science teachers in the State of 
Penang who evaluated the STS items with the aid of a 
Likert scale. 

Treatment 

The data obtained were then analyzed tot determine 
the percentage response for each item using frequency 
counts, calculate the mean score for each item, and rank 
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cited th.tfi^ M ^^ !^"'*'"* 1*** indi- 

caxM that 65.5^ of the respondents in the rural area hf id 

smr^f?; ^ ^" "■•"^ possessed teaching certification 

«n.5«i* * *° *«ach STS topics in the 

general science core curriculum. "^y^^-' j.n xne 

I-lema in the arsa of Biology like "la i -jo 

Xh^^' U^"^^'^ *° health and fwceived high 'ratios 
with number 38. ''The necessity of having a balar ed dff t 

of r6S**%M^'?'?,^rJ'*'' ""ivi^^ilhe highesl'raS^g 

CTeat e,;mh««?i^^"''^$f?!? respondent! placed a^ 

Sde*s?SS thfs *"?.*h* ^""^ stSdents to 

unae stand this fact. other items under Biology 133. 14 

iJre afso^iven'ht^h I^IV^" ^^.t*"' envfro^^eAt aAd 

were also given high ratings with number 133 1 "Air nolin+inn 

h?fh^^? f":^^ on plants Ind animals- . beif^ ri«d^?he 
highest in this category with 3.if2. In central th^ 
respondents felt strongly about th^e I?e^ concerned wich 
the pollution of the environnent. Of those Jiology *ODics 
related to food production numbers 43, 99, and 100 re 'eived 
c^^Jroi*^'^-^!: ^"""^^^ "^"^ importance of government 

^" VS" °^ ^^"-^ >' insecticides! and herbi- 
cides on agricultural pfoduets-, was rated highest at ^Uo 
cuggesting that teachers are most concerned abSut the use 

chemicals in the environment. 
i-seM in the area of Chemistry like SB « e.t 

^^^-^ 58. -TS'ug'orso& tSergy 

a nerd ^^^.^JJIS?^'^"?''^''^? ^ °f 3.36 indicati^ 

a neca to ocphasize the inportancs of energy in the eurr«- 
culuM. A number of SIS tSpics like 8, 667 21? 30! 1^36 
wei-e^e-^'oup-sd undsr health in chemistry and in general 

=o?oi;'l'^ l^^^'^V. """^"'^ "^^^ Ssslblfemcts of 
foo°"rf~f^^r"*°' have carcinogenic properties in 

illL J f °^ °""'h *o "^he public- received a 

score of 3 .:!0 which supported the teachers' concern for 
ihis area see., previously in Biology. Chei-istry "te^ 75, 
w?;h?; ^? ^' related to the natur'^. • -/ironnent ^d 
*^''*K Tf' '''V"*""' -Th3 UR.J of c .bber and its 
value to the Malaysian Bocietr vu rated the highest at 
V-rln- *o i*^»s 69 (3.17), 2 (3.I6T, iWd 3 

U.07.' Illustrate that the science teachers arc oonierned 



338 



684 



about pollution and set the need to help their students to 
recognize and understand this danger to their environment* 
In the area of Physics it^ma were grouped under the themes 
of electricity, energy, and optics-consumer* Items 7, 11, 
and 12 were concerned with electricity and were rated 
highly with number 7i "The increasing use of the threa- 
pronged electric plug for household appliances, , 
washing machinSi to give a ground wire and prevent electric 
shocks" obtaining a rating of 3*^7. All three of the 
items were concerned with electrical hazards and the need 
to emphasize danger, or need for safety precautions were 
highly r-9garded by the science teachers* Two items, 
number 15. and 28, of the energy group stressed the imporx- 
ance of generators, and were given ratings of 3*19 and 
3 .22 respectively. Itens 1, and 3» both dealt with the 
value of optical instruments to aid society which the 
teachers rated as important, (3*19) and (3*28) for the 
students to appreciate* In a similar manner, the itess 
receiving low ratings, in the bottom 25% for Biology, 
Chemistry, and Physics, were examined to determine the 
reason they were not deemed as a suitable topic for an STS 
core curriculum* 

Recommendations 
It was suggested from the results of this study 

thatt 

1* The list of STS topics identified in the study should be 
considered by the curriculum development centre, Kuala 
Lampur, Malaysia, for inclusion in the general science 
core curriculum, or as a base for a STS curriculumt 

2. If incorporated into the present or future cvrriculums, 
plaji should be made to implement in-service courses for 
teachers responsible for teaching the course* 

3« The STS topics resulting from this study should be re- 
evaluated and revised periodically* 

^* Additional studies should be undertaken involving 
students , administrators , and representatives of the 
community* 

5* Terminal examination should be changed to accomraodate 
the aims and objectives of the curriculum* 

6* Further studies should' be undertaken to determine the 
specific neeoa of Rural versus Urban needs in an STS 
curriculum* 
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TABLE 1 

RBSPONSBS OP SCIBNCg ?SACH5RS TO STS ITBIC IK BIOLOGY 
CHBMISTRY AND PHYSICS axoi^X, 



fiJiS^ STS Biology l^ mm^ 



38 Th« n«c«tiity of having a biamnctd di«t 

to Mdntain h«althy «rofirth. 3,60 
3 Th« poiiibl« h«alth •ffects of air 

pollution in an industrial araa. 3, If 9 

133 Air pollution and ita affact on plants 
and aniaals. 

Ik The affacts of pesticide and industrial 
waste contaiftination on aarine life 
(plants and animals). j.kZ 

6 The potential increase of lung infections 
by the greater consumption of alcohol and 
tobacco. 



3«^2 



3.^1 

^3 The importance of government control on 
the use of pesticides » insecticides and 
herbicides on agricultural products. 3.lfO 
The problems created by increasing world 
population. 3.38 

31 The possible effects of drugs on the 

sensory perception of individuals. 3.37 

13^ The pollution of water supplies by insecti- 

cidesi herbicides and fungicides. 3.3if 

61 The debate about breast versus bottle 
feeding and their relation to healthy 
babies. 3^26 

99 The idea of hybriditation of plants and 
animals to produce larger quantities of 
commodities at lower economic costs. 3,26 

xtem 

Mumber STS Chemistry Items Mean 

58 Use of solar energy for heating purposes. 3.36 
75 Oses of rubber and ita value to tne 

Malaysian society. 3^27 

59 The storage of solar energy, produced on 
sunny days for use at night, would make it 

an important substitute for fossil fuels. 3.27 
8 The possible use of colouring agents which 
■ay have carcinogenic properties in food, 

and the appeal of such food to the public. 3. 20 
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Item 
Nuabtr 


STS Chemi«trv Ittas Contd, 


Mean 


61 


Tht ii^ovt««nt of quality of food «ub- 
•tanctf and thtir posaibl* Mv/pply of a 
iprtattr sourct of energy* 


3.19 


69 


The poaaiblt tfftcta of oil alicka in 
octans and Itakagt ftoa oil wtlla drilled 


J •17 


2 


The increaaini^ converaion of natiiral 
reaourcea to conau»er gooda and the treat- 
ment of waate materiala to prevent pollution* 


3*16 


66 


The role cf au^ar in the diet* 


3.13 


21 


Canned food apoila^e and its effects in a 
society which places little enphasis on 
expiry dates of consuaer goods. 


3.13 


50 


The long tern effects of a nuclear bomb 
blast on a population* 


3.13 


36 


The effect of nuclear reactions on a 
population* 


3.09 


Item 


STS Phvsics Items 


Mean 


7 


The lncz*SB.filnf iiba of ^hT*AA«rkT*nrwiirf Wlii^fl 

XliV Aitwi OAOAil^ UOO WU CO^X UJlgOU UAU{^a 

for electrical appliances* e,g* washing 
aachine* to give ground wire to prevent 
electric shocks* 


3*^7 


12 


The awKrenesB of the danger of using 
electrical appliances in the bathroom* 
particularly within reach of the sink* 


306 




mo VOIlUOIIUJr WlO pUwAAC VO UoO »uu 

many electrical appliances in the home 
which creates bi\ overloaded circuit, and 
the hazard it causes to houses* 


3.31 


3 


The contribution of optical inatraftents 
cameras^ projector?* tticrc^copes* npectro'- 
meters «- to a society* 


3.28 


28 


The importance of generator ci for the 
converaion of mechanical energy to 
electrical energy to be use^ by coisiercial 
and household consumption* 


3.22 


3ifr 


The understanding of the pulley aystem 
and its ability to help man in his work* 


3.20 




In euBUULtion» -% nuabtr of conclusions wtre madt 
co;.ctmtd with biographical dt tails, instructional 
strattgitst thtMs for STS ittmst convtntional (disciplint 
oritnttd) and urconvtntional (gtnttic tr^instrir^ and bio- 
tthlcs, valuts; topics* A ^antral conclusion was that 
this is a uttful Mthod for idtntifying STS conttnt suit- 
ablt for inclusion in a gtneral scitnct core curriculum* 
That scitnct ttachers holding a B*Sc* degrte and ttacher 
ctrtlfication art suitablt participants for a study of 
this naturt* 
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PUBLIC AND PUPILS' IDEAS ABOUT RADIATION: SOME LESSONS FROM 
CHERNOBYL TO SCIENCE EDUCATORS 

Harrie M.C.Eijkelhof; Kees Klaassen; Rudolf Scholte; Piet Lijnse; 
( Physics Education Gnnq), University of Utrecht, The Netherlands ) 



K. Introduction 

At the end of Ust year an opinion poll mas held by Associated Press 
among foreign affairs journalists in 45 countries spread over Europe, 
Asia, Latin America and the Middle East, asking for the Most important 
ewent of 1986. 

A majority chose Chernobyl as the most important event before other 
iBiportant developments such as the failure of the Reykjavic ta?.ks 
betHeen Reagan en Gorbachev and the chanof» of power in the Phillipines. 
This illustrates that the accident in th^i ni clear power station at 
Chernobyl made a large impression on pecplc in many different countries. 
Especially those living in Western Europe reemed to be afflicted by 
near-panic, especially from the moment t\tt governments took action such 
as ordering farmers to keep cattle inside ir to destroy so^e crops, and 
imposing food import restrictions. 

Of course the Chernobyl disaster can be Itoked 'loon f*om various angles 
such as its effects on public opinion about nuclear energy, on safety 
measures at other nuclear power stations or on the prices of various 
fuels. Another possible angle is the educational one. In an editorial 
(15 May 19B6) ^Nature* claims that a lack of general awareness of 
radiation and its potential consequences account for the near-panic. 
It mentions the general confusion about units of measurement, about 
irradiation and contamination and about the stochastic nature of many 
radiation effects. "Nature* described the process of making radiation 
understood as an uphill task. 

Anyone who might take up this challenging task can easily find 
literature in w. *ch results are described of studies dealing with public 
attitudes towards nuclear energy (siovic a.o. 1979, 1981; Renn, 1981: 
Van der Pligt a.o., 1982; Baillie a.o., 1984). Most of these stuaies, 
however, deal only with the more affective components of attitudes. In 
order to improve education it is necessary to consider not only 
affective but also cognitive aspects of public ideas about radiation. 
Answers should be found to the following kind of questions: What do 
people mean by words like radioactivity, radiation, radiation dose and 
half-life? How do people explain the need and effects of certain 
radiation protection measures? What kind of misconceptions are common? 
Which scientific concepts are fundamental to a sensible assessment of 
radiation risks? 

In this paper we will try to formulate some answers to these questions. 
We first describe some findings on pupils* ideas about radiation. In the 
following section we will outline how we have uelected information from 
Dutch and British newspaper reports on the Chernobyl issue and hew we 
have tried to get information on pupils* ideas about radiation within 
the Chernobyl context. 
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Ue eontinue mith • preaentttion of wome of our retulto ond conclude with 
• discussiorv It should be Mentioned here that et the time of writing 
Uwwary, 1987) the analyvis hed not yet been completed and therefore we 
intend to present the results of our full analysis st the Kiel 
conference itself. 

2^ Pu&ijV ideas about ionizing radiation 

During the last decade «any papers and articles have been produced on 
pupils ideaa about acientific concepts (Driver, 1985; Osborne snd 
Wittrock, 1983). Host pU>lications however deal with other areas of 
acience than ionizing radiation, auch as wcchanics, electricity, energy 
and lighU We might conclude from these studies that a major difficulty 
frequently arises about the meaning behind specific words. Osborne and 
Gilbert (1979) note: 'A atudent may give to a word a meaning which is 
aubtly different from that intended. For example, if a student has a 
more limited, extensive or idiosyncratic meaning for a word than a 
teachsr, the full implication of the teacher s message will not be 
realised^. 

In the area of ionizing radiation we know of only two studies about 
pupils' ideas. Riesch and Uestphal (1975) described their results of 
research among 58 German pupils of around 15 years old. From interviews 
with the pupils they concluded that most of them describe the 
propagation of radiation in terms of a current' or 'diffusion' model 
and not with 'particle* or 'wave' models. Riesch and Westphal detected a 
confusion between the transport of radioactive materials and the 
propagation of radiation and state that concepts such as 'radioactive 
contamination' contribute to this confusion. 

Eijkelhof and l/ierstra (1986) studied pupils' use of scientific concepts 
in a real life context: assessing the risks of applications of ionizing 
radiation before and after lessons around the PtON-unit Ionizing 
Radiation (198A). They conclude that pupils differ in their pre-- and 
post-answers on applications with little public interest ('food 
irradiation') but not when the practical situations drew a great deal of 
public attention in the (near) past ('radioactive waste'). They also 
detected in the ansMers confusion between the concepts 'radioactive 
substance* and 'radiation', eg. in expressions such as 'radiation 
accumulates in the body' and 'food becomes radioactive after 
irradiation'. The authors suggest that the popular Dutch term 
radioactieve straling' (in German: 'radioaktive St-ghlung', litt.: 
radioactive radiation) contributes to that confusion. 
The results of both studies suggest that in a radioactivity context 
pupils might attribute a different meaning to the word 'radiation' than 
the accepted scientific one. It is likely tl t thic meaning is not a 
private invention of each pupil but founded on the use of this word in 
society, outside scientific and educational settings. Therefore it was 
decided (in February, 1986) to collect press reports about applications 
of ionizing radiation in order to study among other things the 
differences in meaning between lay-radiation' and expcrt-radiation'. 
After the accident in Chernobyl many of these reports were published 
within one' month. We took the opportunity to make the Chernobyl 
information-boom the object of our research. 

3^ Collecting the data 

As soon as the news about the accident reached the headlines (28 April) 
we started to collect our data. Within one month we had taped about 20 
hours of radio- and TV-programmes: newsbroadcasts, informative 
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prograwmes and discuasions. As only those parts of the programmes Mere 
collected Khich dealt with Chernobyl these 20 hours contain parts of 
over 100 programmes. In addition to this, for a two aonth period we cut 
out all reports about Chernobyl, including news, background articles and 
letters fro* readers. Two were national papers (N.^C-Hancfelsblad and 
Volkskrsnt) and one was regional (Utrechts-Nieuwsblad). Finally Or, 
Robin Millsr (University of York) provided us with newspaper cuttings 
from several British papers such as Guardian, Star, Son, Sunday Times 
and Times. 

Although our collection of tapes and cuttings is large it is not 
complete. Of course collecting and analyzing were very time-consuming so 
we had to limit ourselves. Furthermore it was not the purpose of this 
study to make a comparative analysis of the quality of reports in the 
press, but to investigate the meaning of 'radiation* and related words 
in dally life. 

After analysis of the above-mentioned press reports we devised a 
questionnaire for pupils of 15-16 years old in which we asked them to 
explain what happened in Chernobyl, why the Netherlands was affected, of 
what use certain government metisures and advices were, and what the 
pupils meant by words such as radioactivity, half-life, radiation dose 
and radioactive contamination. The questionnaire was answered by 312 
pupils from 7 different schools (two classes each). 

6. Radiation in the media 

From the press reports we selected over 400 different quotes which were 
not in accordance with accepted acientific theory about radiation and 
its effects. We classified them in five groups: 

A. What happens at the reactor site? 

B. Why did it affect those living in Western Europe? 

C. Contamination of food 
0. Contamination of people 

General statements about radiation 
In group A we find statements of the following kind: the Chernobyl 
reactor 'emits radiation^ 'spews out clouds of radiation', 'leaks 
radiation' and this radiation Tias escaped", 'is being released", 'is 
pouring into the air", 'was seeping from the plant" and 'is catapulted 
into the sky" , 

In group B we collected quotes which tell us that the radiation lias 
spread across Scandinavia', 'is carried by the wind', so the radiation 
passes toundaries" and 'reaches countries which so far never were 
reached by radiation". 

Group C quotes describe effects on food. They inform us about the 
radiation from Chernobyl "being deposited on the grass" and 'absorbed by 
the cows in their milk"; other crops 'were irradiated" so these also 
'contained radiation" but 'the effect on water of the extra radiation 
was said to be insignificant". 

Group D contains quotes about effects on people: 'they are contaminated 
by radiation' , 'they had conta^nination from radiation in their clothes' 
and 'accumulated radiation in their bodies". 

Fortunately there is iodine, which is 'an antidote against radiation 
sickness', 'prevents radiation concentrating in bodies" or 'counters the 
effects of radiation". 

Finally group E is filled with radiation remarks which cannot be 
classified in one of the other groups; we are told for example that 
'iodine is found in radiation", that 'some radiation is older than other 
radiation' and thnt 'some radiation is short-lived'. 
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The •bov« Mntiotwd quotes and aiiiiUr ones c«n te found in .U Che 
ptpers «e studied. They illuatrste that the rord radiation ia used in 
••ny aituatiooa Mhere an expert would use radioactive substance. For lay 
people radiation aeens to hive a different aeaning than the acientific 
one. We are not ye: able to give a precise description of this lay- 
Meaning of radiation, but »e night conclude that lay people use the word 
radiation in a iwich mi&:r sense than experts do and that they often make 
H^.^i* .A °? bct*«" radioactive aubstanre and the ionizing radiation 
being emitted as a result of the decay process. 

holding this lay-view of radiation »ight be that one 
•ill not be able to Make m distinction between contJMination and 

fS^'f °[/f^»*^ion and between activity and absorbed dose (i.e. 
between the units becquerel and sievert (or rem as was often used)). In 
cne media we found numerous illustrations of this confusion, such as. 
food contains x mren of radiation*, 'a dose of 1000 becquerels'. 

j». Some pupils' ideas about radiation 

In most schools in the Netherlands radioactivity is taught when pupils 
are about 17 years old. So most pupils in our sample had had no 
schooling in this topic. 
;« we have not completed the analysis of pupils* answers we will only 
outline in this section some general trends. According to many pupils 
the reactor sent radiation into the air' and this radiation reached the 
Netherlands because the winds carried the radiation* or 'the radiation 
was so strong that it reached the Netherlands'. 

A significant part of the pupils used the word 'radioactivity* in the 
emotes mentioned above, instead of 'radiation*. 
When me look at their answers to the question what is meant by 
radioactivity? we find that a majority of pupils (55S) describe 

Tni^^ii V^"'^''*"^" it as a phenomenon or 

a property and 15S as a radioactive substance. This is significant as 
many science journalists use radioactivity meaning 'radioactive 
substance assuming the public knows what it means. 

One of the other questions asked about the function of iodine tablets in 
the Chernobyl context. Only about 10J5 gave scientifically acceptable 
answers. The others assumed that iodine 'neutralizes radioactivity*. 

strengthens the body', acts against radiation or 'filters the blood*. 
Another question dealt with the advice given not to eat spinach during 
the first weeks of May 1986. Pupils thought that 'spinach absorbs a lot 
Of radiation , contains too much radiation', lias been irradiated'. . 

attracts radioactivity . 'was contaminated with radiation*, 'contains 
iron which attracts radioactivity' or 'contains a substance which 
destroys the body's natural defence against radioactivity*. 
From a first analysis of pupils' answers we might conclude that a 
considerable number of them use the lay-meaning of radiation which 
corresponds with what we found in the newspapers. 

4, Discussion and conclusion 

ll^Il!.H°^''3-'?? "^u°" •"^ ^^""^ ^^^^^ t° illustrate how lay people use 
i^^r^i differentiation between the l^dioactive 

Westphal (1975) detected a confusion between the transport of 
radioactive materials and the propagation of radiation. 
As we found indications for lay-ideas about radiation both in Dutch and 
British newspapers one can conclude that it is not only language which 
causes the lay-weaning of radiation. 
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Some people mmy •rgoe thtt in many caaea it ia not necessary to use the 
scientific weaning of radiation and that a clear distinction between 
radioactive aobstance, radiation and radioactivity is too coraplicsted 
for the general public. We do not agree Mith this vieM fjr the following 
reasons. 

It seens a reasonable hypothesis that sisny people mho use 'lay- 
radiation* Mill assume that irradiating food does make the food 
radioactive: radiation is added to the food. This would of course blur 
any discussion about food irradiation. The same person will not be abU 
to make a distinction between irradiation of a person and the ingestion 
or inhalation of radioactive substances: situations that can clearly 
have different effects on people and ask for different kinds of action. 
Such a person will also be at a loss with various kinds of medical 
applications of radiation which he or ahe might experience personally or 
through relatives or friends. One may think for example that an 
external y-source makes a person radioactive as radiation is 
received*. .And finally auch a man or woman will be blocked to a further 
understanding of concepts which are essential for radiation protection 
such as half-life, radiation-dose (equivalent), decay products, 
abs.irption of radiation, etc. That person will be heavily dependent on 
the opinion of others and will be severely limited in asking critical 
questions in any radiation situation he or she gets into. 
Wiich lessons should be drawn for science education? Teachers should 
take into account that their pupils might understand and use radiation 
in a different sense than the scientific meaning. By referring to many 
practical situations he or she could introduce the pupilc^ to the 
fundamental scientific ideas about radiation. Essential in this teaching 
is to pay attention to the riifffti-ence between Isy-radiation and 
scientific radiation. Textbook writers should produce materials whic»- 
support teachers in this task. However, many questions have not yet been 
answered, for example: which basic scientific knowledge is essential in 
n^ich practical situations; which mental models do people use when 
dealing with various radiation applications; which other misconceptions 
limit a thougtful assessment of risks; what is the best way to teach 
radioactivity taking into account existing ideas on radiation? These 
kind of questions deserve a place on the educational research agenda. 
Answers on these question are darely needed, certainly for those who are 
in favour of STS-teaching. 
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Dutch pre-university education 

In the Netherlands pupils leave primary school at age 12. Those who want 
to qoslify for university entrance remain six yeats in secondary school 
in the pre-university stream (called VWO). In most schools form 1 is not 
yet streamed. During the last three years (forms 4 to 6) pupils choose 
and study seven or eight examination subjects. Passing the (national) 
VWO-exsmination qualifies automatically for university entrance although 
some university departments require one or two specific subjects in the 
vwo-examination. 

Relevance to Dutch Science Education 

This paper deals with physics education st secondary level. The new 
examination progrsmmes sre likely to contain s considerable section on 
radistion effects snd protection. 
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The authors are sll physicists and staff members of ths Physics Education 
Group St the University of Utrecht. Harrie Eijkelhof has been s physics 
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IMPROPER ATTRIBUTION OF CAUSALITY - A POTENTIAL 
STUMBLING BLOCK FOR STS EDUCATION 

Ehud Jiingwirth f The Hebrew University of Jenisalcm ) 

"Technological capability" is seen as being the integration of 
three discrete parts: First - intellectual and physical skills, second - 
knowledge of technological concepts, and third - the ability to make • 
value-judgments throughout the design - decision-making process" 
(Harrison, I985). It follows that lack of any one of these will stulti- 
ty 5T5-education. However - unravelling science end technology's intri- 
cate relationships with social issues requires subjective elements of 
rationality, elements seldom found in science or technology education" 
tAlkenhead, l?u5). It wuld thus appear that the success of STS educa- 
tion Is contingent on pupils* attained "Intellectual Independence" I.e. 
the capacity for making judgments about knowledge claims for oneself" 
(Munby, I9BO) as e.g. the ability to discover "political motivation 
behind a smokescreen of scientific confusion" (Kantrowitz. 1975 in 
Alkenhead, I985). "An Individual judging the truth of a claim on the 
basis of all assumptions, evidence and arguments necessary for that 
judgment Is exercising Intellectual Independence" (Mundy op cit) 
Obviously - an individual who falls to do so, or one Incapable of 
doing so because he/she has not developed (for genotypic or phenotyplc 
reasons) the capability, will remain intellectually dependent on autho- 
rity. Hall et ol (1983), while listing a series of cognitive skills, 
which are necessary (but not sufficient) for the success of STS educa- 
tion, state that "certainly It should not be assumed that (these skills) 
are already developed". What are these cognitive skills so widely de- 
manded? Introductions to modern science-curricula (STS and non-STS 
alike), and other normative writings, contain lists of currlcular 
demands in the cognitive domain, a few samples of which are given below: 

To |ook for and Identify logical fallacies In arguments and invalid 
conclusions" (Queensland Board of Secondary School Studies 198I) or 
to "develop the ability to think critically e.g. by seeklnc evidence 
for claims, applying cause and effect relationships, considering all 
available data and suspending judgment In the absence of evidence" 
INew South Wales Department of Education, 1983). The BSCS teacher's 
handbook lists - Inter alia - withholding of judgment and the restriction 
? ^"^^''P^Jat'Ojs to the limitations of available evidence (BSCS, 1978). 
In Bloom s (1356) taxonomy, under paragraph k.20 Analysis of relation- 
ships, we find "the ability to distinguish cause and effect relationships 
from other sequential relationships, to distinguish relevant from Irrele- 
nSLr^^r^'*""* ^"^^ *° logical fallacies In arguments". Hodson 

U9P5) referring to the. "rhetoric surrounding science curriculum deve- 
lopments ' states that "it Is generally believed that children will best 
appreciate the activity of scientists by adopting a stance of objectivi- 
ty, openmlndedness and tnat (these qualities) desirable In themselves 
are transferable to other areas." Hore could easily be quoted. 

li is paper centres on two objectives: a. the ability to infer cause 
and effect relationships, and b. the developed habit of suspending 
judgment whenever the evidence for a claim Is Insufficient or lacking. 
These points are well taken by Arons (158^1) and excerpts from his 10 
points are givci here: He contends that "teachers rarely consciously 
articulate (these points) or point them out to their students. They 
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a. Consciously raising the questions *Vrhat do we know?''. , .'*How do we 
know?... "Why do we accept or believe?. . .What Is the evidence for?" 
when studying some new body of material or approachino a problem. 

b. Being clearly and explicitly aware of gaps in available Informa- 
tion... Recognizing when one {s taking something on faith without 
having examined the "how do we know?, Why do we believe? questions" 
or the evidence In favour of the assertion^ 

c. Drawing Inferences from data, observation or other evidence and re- 
cognizing when firm Inferences. ..regarding cause and effect cannot 
be drawn I.e. btl2g sensitive .to the control of variables." 

And from Lawson (1979): "HypothetIco»deductI ve strategies operate in 
the cognl lively mature Indi vldj>1 (l .e who has reached the Plagetian for- 
mal stage E.J) as part of r.A overall process c7 thinking which has !ts 
aim' the linking of events Ir terms of cause-effect relationships . The 
linking of events In terms of causality Is basic to explanation... 
(however) r2cent data Indicate that only about 25 * 50^ of the late 
adolescent and adult population (In the U.S.) have well -developed use 
of the more complex hypothetlco-deducti ve strategies." (emphases added) 

That only parts of the 5T5 target-populations at the secondary and 
even the tertiary level ever reach the Plagetian "formal stage (or 
Its equivalent according to other theories) seems to be wel 1 -documented 
(see Shayer and Adey (I98I) for the U.K., ASEP (1972) for Austral Ia» 
Chlapetta (1976) for the U.S.). 

The problem of cause and effect relationships has been succinctly 
described by Frankenstein (1976):"Cne of the ultimate aims of ...tea- 
ching Is the weakening of dependence on chance-assoclatlon. . . Separa- 
ting the emotional component of *time' from Its purely cognitive element 
means: ... understanding time *wlthln which* certain events take place 
that are not necessarily connected by links of cause and effect". 

"Attribution theory Is a theory about how people make causal explana- 
tions » about how they answer questions beginning with **why". It deals 
with the Information they use In making causal Inferences and what they 

with this Information to answer causal questions. Attribution theory 
has developed within social psychology ...»but It will also be clear 
that (it) Is relevant to other fields of psychology. . .as a general con- 
ception of the way people think about cause-effect data" (Kel 1ey9l973) • 

Improper attribution of causality — In Itself a logical fallacy — 
can come about through the committment of other logical fallacies e.g. 

a. Assuming that events which follow others are caused by tKjm (post- 
hoc reasoning) 

b. Attributing causality on the basis of an Insufficient number of 
Instances or cases (sample too small » In the extreme case a 
"sample of one". 

c. Attributing causality to a factor or phenomenon on the basis of 
a non-representative sample (Irrelevant or biased) 

d. Imputing causa! significance to correlations 

e. Attributing causal significance to very small differences which 
might have arisen fortuitously 

f* Attributing causality to mere tautologies. 

Ve shall now have a brief look at "how — certain peop1«i — analyze 
simple cause-effect data". 

W foil owing Items are taken from a test constructed to ascertain 
subject-behaviour when confronted with (among others) the logical fal- 
lacies enumerated above. The test Is fully described In Jungwirth (I9B7). 
For lack of space only categorlei a» b» e and f will be referred to. 
These Items Intended for grade levels 9 and 11 » will be seen to have 
"created problems" st the tertiary level and with practicing teachers 
as well. 
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Category "a" (post^hoc reasoning) 

Some pupils grew tomatoes in the laboratory. One day they were watered 
with soapy water by mistake. Soon after purple spots appeared on the 
leaves. What is your opinion? 

». No conclusion can be drawn, since we don't know what kind of soap 
was used. 

b. The soap caused the appearance of'the purple spots since none had 
been there i^efore 

c. I often water my garden with soapy water, and never saw purple spots, 
so that cannot be the reason 

d. I don't agree with any of these choices. 

Option »'b" represents the logical fallacy I.e. attributing causality to a 
preceeding event without sufficient data. 

Xateqory "b" - Insufficient sample 

One bean-plant was grown at 10°C and another at 25°C.An other conditions 
were equa). After several weeks plant A was almost twice ^s high as plant 
B and better developed. What Is your opinion? 

a. The experiment shows that 25"C Is much better for beans than lO^C 

b. Ii; is well known that warmth is needed for plant-development, so 
the results could be expected 

c. Some beans like higher and some like lower terrperatures this 
explains the result. 

d. I don't agree with any of these choices. 

Option "a*' Is the logical fallacy I.e. attributing causality based on 
"a sample of one". 

Category "e" - fortuitous differences 

Pupils planted 300 pea-seeds: 100 at a depth of k cm, 100 at 6 cm, and 
100 at 8 cm. All other conditions were equal. 
89 seedlings sprouted from a depth of cm 

91 seedlings sprouted from a depth of 6 cm 

92 seedlings sprouted from a depth of 8 cm 
What Is your opinion? 

a. There are no Insect-pests at greater depth, which might attack the 
seeds before sprouting 

b. The deeper the planting - the better the sprouting 

c. Hore Information Is needed about these seeds and soil 

d. I don't agree with any of these choices. 

Option »'b" attributing causality to the "depth"-factor. In spite of the 
fact that the data Indicate a "no difference" situation, represents the 
logical fallacy. 

Category "f" - tautologies 

It Is well known that the animal b'ody needs nitrogen. .Why? 

a. The animal body requires nitrogen as part of Its body-needs 

b. The arlmal cannot do without nitrogen, because It must have nitro- 
gen to live 

c. All animals must have nitrogenous foods, because their body requi- 
res nitrogen 

d. ^ None of these choices explains the fact. 

Options "a" to "c" are non-explanations, since the explanans Is on the 
same level of Information as the explanandum, thus "saying the same 
thing In different words", which Is the definition of "tautology". 
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Table 1 will show In what measure respondents were aware of and and 
able to avoid these logical fallacies by refusing to attribute causality 
to factors, conditions or situations, where the avollable evidence 
was Insufficient or lacking (In the Items quoted above and similar 
Items). See Table t . 

We can see that pupils ' (9th to 12th grade) rejection of options 
Involving Jmoroper attribution of causality, or accepting such causa- 
Ity by Impircatlon, was — with one exception - at or below chance- 
Uvel. Looklnj at (student-) teachers' results we can readily under- 
stand why pupils did not do any better. Only the post-graduate 
(student-) teachers* data approached a level which could just barely 
be called 'acceptable" — and even there a wide variability across 
categories was evident. HalPs et j1 remarks that teachers should 
not take pupils* attained cognitive skills for granted, can thus be 
expanded to Include the teachers themselves. In Aron's OSlk) words: 
Ve force a large fraction of students Into blind memorisation by 
Imposing upon them ... materials requiring abstract reasoning capaci- 
ties they have not yet attained, and of which many of their teachers 
are themselves Incapable". Are these teachers Indeed "Incapable" or 
have they (like their pupils) Just not been made aware of certain 
simple, rules of critical thinking? Judging TTonTdlscusslons with 
both student - and practicing teachers In the countries concerned, It 
would appear that the latter Is the case, ommcnts like "I have never 
thought of It like this befon." were quite conmon. So there Is still 
hope, provided that pre- and In- service teacher-education prograrwnes 
attend to the matter, otherwise a vicious circle would be Indicated. 
Holford (1985) says that "teachers expect that training should i^qulp 
them with a better understanding of the quality of argument put In 
support of truth claims made In situations where science Is 'used*— 
for example In product advertisement and political debate." One 
wonders If these expectations are being honoured. The BSCS "Science, 
Technology and Society" curriculum (BSCS, 19B0) Includes activities 
.or technology assessment". Pupils' success In such activities 
seems to me to be contingent on (Inter alia) pupils' awareness of 
and their ability to apply rules for causal analysis. 
Ill W conclude with a quote from Postman and Welngartner (1969): 
intellectual strategies for nuclear-space-age- survi-'al — In all dl- 
mcns ons of human activity — Include such concepts as ... probability, 
cont ngency, uncertainty ... multiple causality (or non-causal I ty )... 
The learning of such concepts (and rules E.J.) will produce the kinds 
of people w« will need to deal efficiently with a future full of drastic 
Changes The purpose (of the new education) Is to help all students 
to develop bu It-ln, shock-proof" crap-detectors" as basic equipment 
i?M c'l^'mMl !l'/lf'': ' f"P.that Without these skills STS-educatlon 
will stumble and fall, becoming just another subject-matter area to be 
rote-learned, and pupils will continue to be Intellectually dependent 
on authority, being mjable to "make Judgments about knowledge claims 
capabimj"''" Certainly they will n« have developed "technological 

References 

.Nkenhead, G.S. (1985) Decision making on social Issues related to 

\rll^ i techno ogy. In - Harrison. G.B. (Ed) World trends In 
scllenc^ end technology education. Trent Polytechnic, Nottingham, 

Arons, A.t'. (198M Education through science. Journal of College 
Sclencej«chlna. J2('») . 210-220. ^ 



35 



3 



698 



ASEP (1972) A Gurde to ASEP. AustraUan Science Educition Project. 
Melbourne, Government Printer. 

Bloom, B.S. (1956) Taxonomy of Educational Objectives Book 1. Co on?" 
tlve Domain , New York, Longmans — 

Biological Sciences Curriculum Study (1978) Biology Teachers' H and- 
book (3rd Edition). New York, John Wiley and Sons. 

Biological Sciences Curriculum Study (I98O) Science, Technology and 
Society (Experimental Ed.) Boulder, Colo^ 

Chlapetta, e.L. (1976) A review of Piagetlan studies relevant to 
science Instruction at the secondary md college leveK Science 
Education . 60, 253— 262. 

Frankenstein, C."Tl976) The complexity of the concept of Integration. 
In: Frankenstein, C. (Ed) Teaching as a social challenge . 
Jerusalem, School of Educadon of the Hebrew University 
of Jerusalem. 

Hall, 0.. Lowe, I., McKavanagh, C, McKenzIe, and Hartin, H. 

(^983) Teaching Science. Technology and Society In the Junior 
High School. Brisbane. Brisbane College of Advanced Education, 
Austral la. 

Harrison, G.B. (1985) Technological application and social rele- 
vance of the science we teach. Ia: Harrison, G.B. (Ed) World 
Trends In Science and Technology Education . Trent Polytechnic, 
Nottingham, u.K* 

Hodson, D. (1985) Philosophy of science, science, and science edu- 
cation. Studies In Science Education , ^.t 25 - 57. 

Holford, D. (I9H5) Training science teachers for 'Sclence-Technology- 
Soclety* roles. In: Harrison, G.B. (Ed), World Trends In 
Science an d Technology Education . Trent Polytechnic, Nottingham. 
U.K. 

Jungwirth, E. (I987) Avoidance of logical fallacies - A neglected 
aspect of science-education and science-teacher education. 
Research In Science and Technological Education - In press. 

Kantrowitz, A. (1975) Controlling Technology Ocmocratical Iv. 

American Scientist. 6^. 5O9 -.51^. (quoted In: Aiken'i»ad - above) 

•^c'lcy* H.H. 11973) The Process; of Causal Attribution American 
Psychologist . February 1973, 107^- 127. 

Lawson, A.E. (1979) The developmental learning paradigm. Journal 
of Research In Science Teaching . |£(6), 501 - 515. 

Hunby, H. U9aO) Analysing teaching for Intellectual independence. 
In: Hunby, H., Orpwood, G. and Russel, T. (Eds) Seeing curricu- 
lum In a new light . Toronto^ The Ontario Institute for Studies 
in Education. 

New South Wales Department of Education (I983), Draft Syllabus - 

School Certificate Science . Sydney, N.S.W. Australia. 
Postman, N. and Weingartner, C. (1969) Teaching as a subversive 

activity . Hamxjndsworth, U.K., Penguin Books^ 

Queensland Board of Secondary School Studies (198I) Draft Junior 

Syllabus I n Science . Brisbane, Queensland, Australia. 
Shayer, M. and Adey, P (198I) Towards a science of science teaching . 

London, Helnemann Educational Books. 



0 ' ' 

I 



Tabic \ 



Rejections of Improper attributions of 


causality (rounded t) 


Fopuldtlon 


post*hoc 


no 


no 


tauto- 




reasoning 


saR^)1 e 


difference logles 


School s 










Israel (Qth) MallL 
• \p(n/ n"ii*i 


25 


2 


15 


11 


do. (11th) N ■ 7C 


19 


111 


16 


8 


Australia (9th) N - 102 


18 


8 


12 


15 


do. (11th) N 80 


3^1 


12 


16 


26 


South Africa (Soweto) 










10th, N • 166 


15 


9 


10 


^ot tested 


do. (12th) N - 177 


21 


11 


7 


not tested 


Adults 










Teacher-college students 










Israel , N • 35 




1 H 




Vi 


do. Australia N « 2^ 


cc 


Z'4 


25 


28 


Post-qraduate student- 










teachers 










Israel N • ^3 


79 


58 


78 


59 


do. Australia fi ^ 27 


63 


50 


63 


V< 


do. S. Africa, N " 10 


55 


^lO 


50 


30 


Teachers In-service 








Icwer-secondiry, Israel 










K - 20 


5^1 


22 


3^1 


11 


do. mixed secondary, 










S. Africa (Soweto) N - 39 


25 


10 


8 


17 


do. upper secondary 








Israel, H 25 


75 


42 


67 


60 



Note: All pup-ll-samples belonged to biology/science streams. 
All adult samples were blology/sclence (student-) 
teachers. 



700 



• 1 . Prcuntverstty educational system In Israel 

«• Compulsory kindergarten - aoe 5 

b. Elementary school 

1. eight grades (age 6 - U) OR 

2. six grades (age 6 * 12) 

c. Secondary school 

1. grades 9-12 (age H» - 18) OR 

2. Intermediate (Junior) secondary - grades 7-9 AND 

3. upper (senior) secondary - g les 10 - 12 (age T^- 18) 

Compulsory education ends with grade 10. Pupils sit for the 
matriculation examination In grades 11 - 12. Fcr university 
entrance the matriculation grades are first renormed according 
to level of courses (6-9-12-15 classhours/iubjert over 
grades 10 - 12) and then combined with the results of the unl- 
. versifies' psychotechnlcal entrance examination. Different 
••cut-off* .levels are demanded by the various faculties, with 
e.g. medical and engineering higher than the humanities. 

M. The paper has Implications for the whole of the educational 
system, since habits of critical thinking must be developed 
< gradually and progressively. Its in^licatlons for teacher- 

education are obvious. 

I M . Autobiographical notes 

Born Vienna, Austria I923. In Israel since I938. M.Sc. Agrlc. (The 
Hebrew University of Jerusalem) 1951. Special studies In Agricuttural 
Education and teacher-education. University of California 1955/56. 
Ph.D. In education (The Hebrew University of Jerusalem) 1962* 
Teacher of biology and horticulture (grades 6 - 12) for 12 years. 
Headmaster of secondary agricultural school for five years. Now Full 
Professor In agricultural and science education. The Hebrew University 
of Jerusalem and Senior Investigator (evaluation) at the Israel 
Science Teaching Centre (biology projects). Visiting scholar, 
Nuffield Foundation Biology Project (U.K.) I966. Visiting associate 
professor, Honash University, Melbourne, Australia 197^75. Visiting 
professor and. consultant at the Science Education Project (SEP), 
University of the Witwatersrand, Johannesburg, South Africa, 1983 
Guest-lecturer 196*1 - I986 at about ^*0 universities and Institutions 
In America, Europe, Africa, Asia and Australia. More than 80 pape-« 
In various professional journals In science-education mainly In 
U.K. and U.S. Author of Integrated text In *'Agro-Blo1ogy" for seconda- 
ry agricultural and rural schools. 
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SCIBKCE AND TECHNOLOGY EDUCATION AND AFRICAN VALUES 

Dr. Andrew 0. Urevbu (Department of Educational Psychology and 
Oirriculum Studies, University of Benin, 
Benin-City, Nigeria) 

Introduction 

evervU^ ^Tfl J^l?. J"^^vi<iual African look at science and technology in 

u hold for him? These two questions relate respv^ctively to •'attitudes* 
and "values- in science and technology. ^ 

rnfr«.I!!!^'^^*^^°"^^^P l>etwecn scicnce. technology and values has been 
f2^^SnW°" scholars2 v4,o generally agree that science and 

•vJ.n; t?:/Iu that technology has reached a dominant position to the 
extent that the whole structure of some societies is dependent on a 
technological base. A highly specialized sub-culture (that of the 
scientist) has grown up.3 Less agreement exists, hrwever, as to the 
precise effects African cultural values have on the Jevelopment of 
science and technology in general or on the potential ^f Africa in the 
fields of science and technology specifically. 

Three Views ab out Science and Technology in Africa 

»nrf nSSMJlfV scholars is that Africa lacks the capability 

and potritial in the fields of scientific discovery, technological 
Innoval on and practical application. Odhi-jito^ for example asserts that: 

^'Africa can be justifiably proud of its past 
technological achieventent as revealed in recent 
archeological excavations and historical research 
into the civilization of Songhai, Mali, Zaire, 
Zirrbabwe, Nubia and others. The fact remains 
however that the gap between the technological 
expertise of earlier periods and modem scientific 
achievements is such that the former cannot provide 
the base and perspective necessary now for the 
renaissance of African Science. If Africa is to make 
any contribution to Sclenc? and to its application 
to technology, then it must efttrace those mo des of 
thought and those tools of science thai nave De^n " 
msJFurcntal in ushering in the present technocratic 
age" 

-.^rr^?^'^^?'*?^ th«t science and technology flourish roost 
effectively through the use of "analytic methods- of iSVestlgatlon. 
This, according to him, consists of "the 1t2ent1f1cat1on of a oarticular 
question and isolating It from a plethora of other problSL in^Jhe s^ 
area 5 The appropriate tools of study are then focussed on this 
part cular problem. Odhiairbo perceives "the method" of science as 

adherence to the principle of -objectivity- and to ^n 

1n1o"°kn^'wS'h?Stt^^^^ 
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On the surface* this view exhibits the pessimism that Africa lacks 
the Intellectual environment that will stimulate the ascendancy of 
science and technology and the rationalistic (analytic) method which 
characterized Wfestem Intellectual history as in the 18th Century 
enllghtment In France, for example* The view places great faith In the 
social efficacy of scientific methods and tools» and it» by and large, 
assumes a model of African society according to which science is the 
principal determining element In the shape and destinies of African 
people and their institutions.^ 

Below the surface, one may detect traces of African philosophical 
system as we associate with W)1ti7, TcmplesS and Jahn^. Kbiti for 
example has described African thought systems In terms of final causes or 
superstition, i.e. t^ie belief in spiritual causes of natural phenoftona 
and the irrelevance of hypotheses for advancing our knowledge of nature* 0^ 

A second view sees modem science and superstition as having common 
grounds. In contrast, with the pessimistic vie^ of Africa's scientific 
and technological scene this view holds that there Is no basic difference 
between modem science and traditional non*Uestem modFlof thought* Modern 
science and superstition both rely on models which are developed through 
thinkinq about observations of phenomena and ;»re used to make predictions. 
Elkanal2 suninarlzes this point of view as follows: 

"In certain aspects, African traditional thought 
and Western Science are analogous. (African) ancestors, 
heroes, waterspirlts like atoms, molecules and waves 
werve an explanatory function ... all societies have 
spiritual as well as empirical daily concerns and that 
all cultures nt^.iipulate nature... 

It Is a widely accepted image of knowledge that assert: 
that Western science seeks a mode of explanation through 
reference to a stable order. But is this actually so? 
Are explanations by Cartesian Vortices, Newtonian 
gravitational forces, embryological fields, pair-creation 
and anihilatlon, spontaneous radioactive decay, explana- 
tions through which a phenomenon is accounted for by 
reference to a stable order? I doubt it... I conclude 
that the basic difference betv'.Kn Western scientific and 
the modes of thought which ha\^ developed in other 
civilizations without 'science' is not a great divide, 
but rather a continuum" 

Elkana's points are many here and amongst them are the following: 
that mod&m science and African mode of thought share common features. The 
crucial ideas embedded In the above passage is that no single "scientific" 
trait can be shown to be a distinctive Western trait confined only to 
modern western thought, nor does It obtain unqualified throughout the 
western world. "The difference between western and non-western modes of 
thought" writes Elkana "may be accounted for by Literacy and the educa- 
tional experiences which influence the .processes of thought of individuals 
and hence the collective representations which will prevail in a society"'^ 

Clearly there are cognitive capacities which seem to be universal; 
present In all cultures. These capacities Include the linguistic capacity, 
elementary connonsense thinking, and the ability to account for what 
happens in terms of observable events as well as In terms of unseen 
(spiritual) events and powers* 
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There is a third view which is of a quite different sort» however. 
This view holds that African social systMJS have been misunderstood 
because of a failure to appreciate what is implied by important differences 
!)etween technologies of the major traditional states in Africa on the one 
hand and those of the European and Asian continents on the other. The 
sociologist Jack Goody has addressed this issue in detail in his book 
Technology Tradition and the State in Africa^ 4,, pointing out that differ- 
ences in nooes of technology in Africa are connected with differences in 
other aspects of the social system*'. Goody suggests that In order to 
understand the application or science and technology in Africa, "we 
need to take a closer look at the means and organization of production 
in Africa and Europe instead of tacitly assuming identity in these 
important respects. He identifies three interrelated aspects of African 
society which seem pertinent to technology and the stata: (1) "the 
systeiJi of exchange (that is trade and markets) (2) the system of 
agricultural production (especiiilKy the ownership of the means of 
destruction)" 

According to Goody, many parts of Africa were siiKilar to Western 
Europe from the point of view of mercantile or monetary economy. Metal 
coinage was in use in East African coast. In the West coast, currencies 
consisted of gold, brass, salt and cowrie shells. Trade was highly orga- 
nized and in the kingdoms such as Dahomey, and Ashanti, important sectors 
of the econony were under state control. Most of the kinds of economic 
operations that were found in pre-industrial Europe were also to be found 
in Africa. In goody's view, "except for specialized fields of wine and 
wool trade, extern^ exchange in Africa was similar to that of Europe. 

Now timing to the system of production. Goody conceeds that Africa 
is basically a land of extensive agriculture. Although African mode of 
agricultural prcdtxtion was extensive, it was .ot intensive, and this 
was related to the nature of the soils, the labour force and the terrain. 
He asserts that cne fundamental invention that spread through Euroasia 
that found limited use in Africa was the plough^'. The use of the plough 
in Euroasia had a number of effects. First, it increased the area of 
land man could cultivate and hence made possible a substantial rise in 
productivity, at least in open country* This in turn meant a greater 
surplus for the maintenance of specialist crafts for the growth of 
difference in wealth and in life styles for development in urban non-ag?'i- 
cultural life. Secondly the plough stimulated the move of fixed holdings 
and away from shifting agriculture. Thirdly, it increased the value of 
arable land. The plough was used to harness animal power for the labour 
of tillage. This was also of substantial significance. Human resources 
were substantially increased thereby, since for the first time., men tapped 
a source of mechanical energy greater than that which their muscles could 
supply. The gse of cnimal power also sstablished a much more integral 
relation with .vtock-breeding and agriculture. Mixed farming, uniting 
animal husbandry with crop cultivation was to become the dist inguishing 
characteristic of agriculture in Western Euroasia. It made possible a 
higher standard of living or of leisure than was attainable by peoples 
relying winly or entirely upon the strength of merely human muscles. 

In the African forests, the plough had many limitations. First, the 
wheel , though it corssed the Sahara (as evidenced in the two-wheeled 
chariots liberally engraved upon saharan boulders) and was introduced in 
Europe and Sudan, it was never extensively adopted in Africa. This was 
not because of the lack of a metal technology, but rather, the plough did 
not improve vegeculture to the same exent as it did cultivation of cereals 
in Euroasia. Secondly, anircal disease was a factor which limited the use 
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of the plough. The limited use of the wheel, meant that man Mas not only 
unable to make use of animal power, but of the powe»* of the wind and water 
as well. The lack of the Oieel also limited the possibilities of water 
controlJ<» As Goody points out, in the drier regions of the Euroasian 
continent the wheel played a dominant part in raising water from wells 
to irrigate the land. However simple irrigation was practised in many 
parts of Africa and consisted of channelling water from a permanent srping 
to run among the fields and this fanners got two crops a year instead of 
one. There was also the shaduf practised in severr' areas along the 
Saharan fringe which 'jsed the lever principle as a mechanical devices for 
drawing wter. In Africa, there were also water storage systems in wells* 
Clearly while there was no Jack of water in Africa, the problem of 
distribution was enomous.^^ 

Perhaps, the most significant technological gap between Africa and 
Eurasia, according to Goody was in the military field. He notes that 
when the Portuguese spearheaded European expansion into other continents, 
they succeeded largely because of their use of gu».-bearing sailing ships. 
At first they depended on cannon on their floating castles; later upon the 
hand-gun. By 1498, the armament of the Portuguese ships was something 
totally unexpected and new in the Inr'ian and China seas and gave an 
imrediate advantage to the Prtuguese. Through these they could dominate 
their African opponents who were armed only with swrds, spears, and bows. 
By tSie end of the fifteenth century, when the expansion of Europe began, 
their guns were also "ar in advance of Africa as weM. Goody, quoting 
Beachy asserts that "The Africans never seem to h>\a learnt to rake 
fire-arms as good as those of the Europeans untike the Sixteenth-and 
Seventeenth-Century Japanese and Sinhalese, who soon achieved virtually 
parity with the Portuguese in this respect "20. K? remarks that the 
reason for the failure of Africans successfully to take up the manufacture 
of this powerful new weapon was that "they did not possess the requisite 
level of craft skill in iron-work. As a result, Africans were at an 
enormous disadvantage when the scrarrble for their continent began, since 
they had to fight against the very people who were supplying them with 
anns. 

However Goody's view is to be challenged here. According to 
Professor Onwuejeogwu,^* recent research on the indigenous forms of tichnlogy 
in Africa seem to have shown that the Awka people in Eastern Nigeria nade 
sophisticated guns in the eicKteenth century by local smith working with 
iron, but these guns were prohibited by the British k*;o saw the potentials 
of fnese firearms. 

The third vew I have discussed above point to the variety and ef/ects 
of technology on African institutions and values. In order to understand 
how the individual African looks at modem science and technology in 
everyday life situations and what Africans value most in science and 
technology, one must display an awareness of the social origins of even 
the crudest forms of technologies and also recognize the role of social 
institutions both in Fostering technological development and in mediating 
between technology and its effects. Therein lies the counterargument of 
the third view about science and technology in Africa. 

"The Tschno-Cultural Gap" 

Now, to turn to one of our initial questions: "how does the individual 
African look at science and technology in everyday life situations?" This 
question leads us to what Professor Ali> A. Ma2rui22 calls "The techno- 
cultural gap" of the Western colonial heritage in Africa. 
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In his book Political Valuts and the Educated tUss in Afr1ca >23 
tozrul contends that colonialism was not siaiply a political experience 
but a cultural experience as well. The values of the African world were 
prodoundly disturbed by what would otherwise have been a brief episode 
In African history. He points out tha*. through acculturation, the 
African, and Africans in general had come to acquire Western values 
techniques and institutions Mazrui puts it this way: 

"It is Indeed worth accepting the distinction between 
valuess techniques and institutions when we ate 
exploring what Africa has borrowed from the West. The 
modem school Itself is an institution so borrowed. 
The style of instruction, the general ethos of the 
school and the curriculum help to determine what values 
and techniques are transmitted within those walls. 
Techniques require an Infrastructure of supportive 
values. This is particularly clear in econoraic behaviour. 
Certain commercial techniques frcm the west can only be 
transferred to an African society if there are supportive 
entrepreneurial values in the host society to sustain the 
techniques. Britain did not try to transmit either all 
its values or all its techniques to the colonies even 
if this were possible. Only some British values and 
some British skills were promoted in African Schools. 
But did these partial values match with the partial 
skills?. Given the skills which were being sought, were 
the African schools fostering the right normative 
orientat1on?"24 

This quotation from Kazrui points to the incongruence that lay at 
the heart of the Imported educational system in Africa. According to 
Kazrui, the wrong Western values were provided as an infrastructure for 
the set of Western skills Introduced into Africa. The reason for this 
gap was due to the paradoxical role of the missionary school In Africa* 
On the one hand the missionary school was supposed to be the principal 
medium for the promotion of "modem civilization in Africa. On the other 
hand. Western civilization on its home ground in Europe had been going 
circular. In Africa, secular skills were given a religious Infrastructure 
wsrs rejected, there were no alternative supportive values for the new 
secular ambitions. As Mazrui noted "many schools taught the virtues of 
obedience Instead of the ethos of initiative; they taught the fear of 
rod instead of love of country; they taught the evils of acquisition 
instead of the strategy of reconciling personal dniition with social 
obligation "25 

The techno-cultural gap has also Influenced the way Africans look at 
science and technology. In Africa science and technology is seen as 
consiting of the "traditional" and the "modem". The traditional are 
those characteristics and features which are believed to have existed 
before the iicposition of colonial rule. The modem are those character- 
istics and features which are derived or directly transferred from 
Western societies, ancient, medieval and contemporary. 

Within these categories, there is continual resport to dyadic 
classificatory schemas. The following ar« some examples of this dyadic 
classifications: 
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traditional society modem society 

traditlCTial science modem science 

traditional medicine modem medicine 

traditional healer modem healer (doctor) 

traditional (nystio?) modern (natural) diseases 
diseases 

traditional treatment modem treatment 

traditional technology modem technology 

There are all sorts of ways the characteristics of "the traditional" 
and "the modem" are defined when used to characterize science and 
technology "Hodem" is often viewed as good and desirable, and words 
such as "progressive" "efficient", "empirical" "innovative" and 
technologically "advanced" are associated with modem science and 
technology. "Traditional" on the other hand suffers negative 
associations: "out-dated", "conservative" and "fatalistic. It is coirmon- 
place nowadays to make distinctions according to country's technological 
development or levels of wealth. Countries in which widespread use is 
made of "modem science and technology are regarded as technologically 
advanced while those in which widespread use is made of "traditional" 
science and technology are regarded as backward. 

Not only is it seen that these elements determine the nature of 
science and technology in Africa, but they also determine the nature of 
African societies and the direction to which these societies move. 
African societies are said to be underdeveloped and backward compared to 
Western societies. The major trend of the social and political systems 
of Africa today is seen as based on a scale from "underdevelopment" at one 
end, to "deve^.opment" at the other. The main task of African social and 
political systems is said to be the attainment of "development; hence 
development fund, "development bank", "development plans" e*t.c. and 
the role of science and technology in African development. 2« 

To many, science and technology are a progressive and change-inducing 
force. They are usually supposed to be a thoroughly modernizing enterprise. 
It is widely accepted that one of major roles of science and technology in 
Africa is to engender new knowledge, to enlighten, provide scientific 
modern explanations and rational approach to problems. The death of 
traditional values and ways of life, and the rise of new, sometimes 
unwanted ways are strong 'n the p»iblic imagination. Thus the idea of 
change from the tradition.^l to the modern has been one of the modern has 
been one of the commonest ways of looking at science and technology in 
Africa. 

But we have to be cautious about this view of science and technology 
in the African continent. First does science and technology really 
change attitudes, values and customs? For example has science and 
technology made Africans to abandon supposed traditional ways such as 
extended family system, or always prefer hospital treatment to traditional 
medicine? Secondly, the view of change from so-called traditional 
(underdeveloped) society to modem (developed) society is somewhat mis- 
leading in itself. What is development? Does African development mean 
making our societies more and more like the societies of Europe and North 
America whose characteristics, including the ancient, medieval and 
contemporary are seen as constituting "the mod=rn"? But what exactly 
are these characteristics which make them so d\^stinctive? 
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In fact, i*h*n we look closely at ways of life in industrial 
countries strong elements of tradition are still found. In Japan, for 
instance, traditional customs of partemalistic treatment of en^)loye€S 
and of loyality to the business firm are still strong. In Britain, 
long-lasting respect for the monarchy and nobility illustrate the 
strength of traditional attitudes. These examples show that it is 
difficult to distinguish societies which are supposed to have wholly 
modem ttitudes, sustoms, values and ways of life from those which are 
supposf to be more traditional 27 

MS ,in African societies, it is also difficult to distinguish 
betw> "mDdem" and traditional phenomena. A rapid growth of 

.tional" fetish houses and shrines for instance, may be a sign of 
the stress of modem life and of rapid social change. Cohen in his book 
Customs and Politics In Urban Africa; A study of Hausa Migrants in 
foruDa Towns^^o has shown that apparently traditional tribalism among 
Hausa migrants to Ibadan is in fact a modem phenomenon. He found out 
that the Ibadan Hausa have recently exaggerated their extensive cultural 
identity and way of life in order to sageguard their strong economic 
interests in the cattle, kola and transport businesses. Thus what 
appears to be "traditional" may therefore tum out to be a recent pheno- 
mena linked to other economic and political factors. In terms of the 
day-to-day life situations in Africa, the "traditional" Vs "modern" 
dichotony probably obscures much more than it illuminates the way the 
individual African lonks at science and technology. The African 
person has in^'ied definite values which in important respect differ from 
those from Westem societies. But the concepts of modem/traditional 
instead of helping us to grasp these significant differences only 
obscures them. *The prevalence of these concepts in our thinking and 
discussion, the pervasiveness of the framework of analysis which they 
form a part of here, basically serves the purpose of increasing our 
feeling of inherent inferiority as those members of the human race who 
have to *catch-up\ If at the same time increases the arrogance a,.- 
influence over us. of Western societies as those who are to be caught 
up with and therefore set the pace and standard of human development.' 

African Values and Technology Transfer 

What are the major value orientations in African societies and what 
cultural meaning does science and technology hold for them? In order 
to understand the values of the African, we have to start from fundamen- 
tals and not start and stop at the level of appearances and conventional 
categories. Clearly some African values can be found in other cultures 
and not all Africans fully exhibit the typical African values. 

The major social value of the African is his relationship with nature 
for the sustenance of life and the relationship he enters with other 
h;ti\ in the course of this. These relationships are not optional ♦ They 

basic, permanent, daily and the foundations of the African society 
at all times.z/ These relationships enable us to understand African 
customs related to family life, food taboos, activity and work, 
achievement and success, moral orientation, huraanitarianism, efficiency 
and practicality, science and secular beliefs, material comfort, 
progress and individu'-l personality. 30 it also helps «s to understand 
why Africans wear certain clothes; and relationship between the child 
and his parents, elders etc. 
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The fundamentals of African values are constituted by these 
relationships. The impact of science and technology on African values 
Is thus a study of the assessment of the former on 'our thinking, 
health, work, living habits and Individuality*. However, it is wot 
yet feasible to develop a systeft of social indicator ; responsive to 
the values cited above for a way of measuring the full range of effects 
of technology. It Is probable that attempts to assess, the effects 
of technology may appear to many to threaten African values. There 
is thus set up a tension between the need to expand technology in 
Africa and the wish to preserve our values which leads some people to 
conclude that science and technology is inherently Inimical to African 
values. Yet, there are other important factors which influence what 
cultural meaning science and technology holds for the African. 

At the centre of the effects of African cultural values on the 
development of science acd technology, or on :he potential of Africa 
in these fields is the process of technological transfer. As 
Ma2rui31 has pointed out, transnational firms have been the major media 
of transfer of technology outside the military field. The transfer 
takes place mainly in four forms. The technology is embodied in first, 
physical goods and equipment; secondly skilled labour; thirdly know-how 
which is generally recognized in patents and trademarks; and fourthly, 
knowledge which is either not patented or patentable. 

G.K. Helleiner32 sees a consensus emerging among analysts and 
some planners that the unpatentable know-how with respect to most forms 
of technology is of greater significance than the patented knowledge. 



"Technology payments in licensing and collaboration 
agreements in which patent rights are not involved 
typically exceed those in agreements in which they 
are. Knowledge embodied in the patent is, in any case, 
normally insufficient by itself to permit its efficient 
working (as Harry G. Johnson has put it) *In contemporary 
conditions, public tolerance and legal protection of 
commercial secrecy has become more important than the 
patent system.33 



Helleiner regards the effects of patents on technology as being 
restrictive, but a good deal depends upon the options available in a given 
situation. There are certainly occasions when corrmercial secrecy is an 
inescapable de facto alternative to patented knowledge - and the secrecy 
can be a worse constraint on technology transfer than the patent. 

A substantial part of the debate about technology transfer in Africa 
has concerned the "Sssue of "appropriate'* technology. And t^ithin this 
issue the distinction between labour-intensive and capital-intensive 
technology has loomed large. The bais in technology transfer by 
transnationals has on the whole been towards capital inten'Jity.^^ 

While multinationals have played a major role in industrialization, 
mechanization and cotrmercialization in Africa, the precise nature of the 
Industrialization and commercialization has Itself distorted certain 
directions of both cultural and education. 1 values. The need for a new 
adjustment has become more urgent. 
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ItBpllotlons: levels of Technological Choice 

In the discussion of Afrlcar values In the preceeding section, 
I alluded to the tension Imposed on African values by attempts to 
as:ess the effects of technological development. Africans will 
typUnlly toake judgements and choose to act In ;ays that reveal and 
reinforce African values. However as Mesthene Kis pointed out 'value 
changes ray result from the effects of technology on religious belief 
$ystems*35. jhls means that the choice behaviour Is tletermined or 
at least circumscribed by the options available to choose from at the 
tine the choice Is made. 

Available choice options do change over time, of course. Today, 
Africa needs to make a choice in technologies at three levels. At the 
first level Is the simple Village-Level technology which uses local 
materials, low-skilled manpower, ana natural energy sources such as 
wind-mills and solar-powered devices. This technology produces rural 
self-sufficiency, and puts people to work In rural areas. Julius 
f(yerere, former President of Tanzania, seemed to have affirmed his 
faith In this level of technology when he said: 

"Our future lies In the development of our 
agriculture and In the development of our 
rural areas. But because we are seeking to grow 
from our own roots and to preserve that which 
Is valuable In our traditional past, we have also 
to stop thinking In terms of massive agricultural 
iitechanlzatlon and the prolefarlanlzatlon of our 
rural population. We have. Instead, to think In 
terms of development through the Improvement of 
the tools we now use, and through the growth of 
cooperative systems of production. Instead of 
aiming at large farms. Using tractors and other 
modem equipment and employing agricultural 
labourers, we should be aiming at having ox-ploughs 
all over the country. The jembe (hoe) will have 
to be eliminated by the ox-plough before the latter 
can be eliminated by the tractor. We cannot hope to 
eliminate the jembe by the tractor. 36 

At the second level Is the "Intermediate" baseline or Infrastru* 
ctural technology . This Is the technology that is needed to Improve 
water supply, public housing, waste disposal, power distribution, 
transportation networks, telephone systems, hospitals and training 
and educational systems etc. This type of baseline technology requires 
widely available equipment and techniques such as pumps and valves, 
piping, electrical trariNforraers and controls. Unfortunately, these 
Items are currently being Imported at very high costs by all African 
countries. It should be possible for African countries to acquire 
enough technical knowledge not just equipment to learn how to manufacture 
rany of these items locally. There are thousands of African students 
at colleges ana jniversities in Africa, Europe, Canada and the United 
States and several other countries in the Eastern worl J who are 
receiving highly specialized training capable of manning Africa's 
•base-Una' technological needs through a laboratory- intensive 
approach and n, capital-intensive approach to produce needeo machines and 
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know-how. At th^ third level is the advanced technology , that would be 
needed to process govds which can be profitably exported or substituted 
for other forms cf imports. 

There are some African countries where technology has produced some 
outstanding results. For example, Nigeria has done quite a bit in 
developirg its own technology which includes petroleum refining, steel 
production, and vehicle assembly and. canning industries. In Kenya, there 
are factories which process coffee and tea. In Zimbabwe, there are 
industrial zones with large factories; while in Senegal there are industries 
for the dressing and packaging of fish. However some very difficult 
choices still have to be made on the type of technology that is most suited 
for Africa. 
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NOTES ON PRE-UNIVERSITY EDUCATION IN NIGERIA 
t. Education and Government 

bince the publication of the new Natl'^nal Policy on Education 
in 1977 (and revised 1981) the Federal Republic of Nigeria has 
provided guidelines for Education in the country, 

2, Primary Education 

The National Policy recommends the re-organisation of the 6-year 
PMmary School curriculum in line with the objective of a broad based 
education with empi^asis on permanent and functional literacy and 
effective communication. The proposed curriculum will make adequate 
provision for agriculliure, home economics and health education. The 
quality of teaching in primary schools will be improved through con- 
ducting in-service training prograim)es for unqualified and under- 
qualified teachers already in service and the supply of adequate 
teaching and learning materials in schools, 

3. Secondary Education 



Secondary School is to be divided into two phases, 
(i) junior secondary (3-years duration); and 
(ii) senior secondary. Both phases aim at two main objectives 
consisting of (a) preparing and selecting pupils for the next 
stage of the education system and (b) preparing those who 
will not proceed to the next stage of education for employment 
and useful living within the society'. The new system involves 
a shift in emphasis towards pre-voca^-iondl and vocational training. 
Deliberate attempts are being made to de-emphasize boarding 
schools to give preference to 'day neighbour-hood-schor>ls' as 
as to enable children attend schools closest to their residence. 



4, Technical Education 

Technical education continues » to commnd the priority attention 
of government. More technical colleges and vocational training schools 
are being built In order to Increase training facilities for craftsmen, 
artisans and technicians, Thti existing polytechnics and colleges of 
technology are being strengthened and new ones bui!,. In this regard 
it is the policy of ti-2 Federal Government to ultimately provide one 
technical college and one Polytechnic in each of the igStates of the 
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Federation* 
Teacher Education 

The production of qualified teachers In appropriate nui*ers 
and subject areas Is being speeded up to mee: national demands* 
Emphasis Is placed on the rapid ex-*nns1on of the stock of qualified 
teachers at til levels and the enhancement of the quality of trained 
teachers through the provision of adequate equipment and materials* 

On the Relevance of the Paper to the Nigerian Educational System 

In Nigeria, as In most developing countries Science has now 
become a part of the Primary School Curriculum. Science Is seen 
as a subject vital to national development. National and Inter- 
national conferences have been held, reports Issued, projects 
established and curriculum materials produced • yet very little 
meaningful science teaching appears to go on In the schools. Why 
Is this? Is the Introduction of Science In primary schools 
premature? Are the teachers 111 -trained to teach the subject? 
Or are the materials that have been produced out off tune with 
the African cultural environments? 

To answer some of these questions. It Is necessary to examine 
the general ^.ducatlon background In which science Is taught In 
schools and the inspBCu of African cultural values on " 
Science and Technology Education in Nigeria. 
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PHYSICAL SCIENCE, SOCIETY AND TECHNOLOGY : 
A CASE STUDY IN THE SOCIOLOGY OF KNOITLEDGB 

Peter J. Fensham (Faculty of Education, Monash University, Australia) 

In 1986^ th« Oniv«c«ity of Melbourne, Victoria' » (Auatcalia) 
oldtat and nost pra«tigiou» univacsity announcad that tha aubjact, 
Phyatcal S clanca, Sociaty and Technology vaa no longer an approved 
subject for students to include in their entrance score for any of 
its faculties. 

T¥0 grounds were given - the subject's for* of assessment had 
an insufficient degree of externality to maintain the university's 
confidence, and the content of the subject was not worthy of the 
Year 12 standard. 

This action by a powerful university against a ainor science 
subject which, ten years after it was developed, still only had just 
over 100 students per year (in a dozen schools), compared with more 
than 7000 in Chemistry and 6000 in Physics (in 500 schools), may 
see* a strange one to report at an international conference. It is, 
however, I will argue, exemplary of the sort of dirficulties that 
the S, S and T movement will encounter again and again as it seeks 
to influence powerful subjects in the curriculum like cniemistry and 
Physics. These difficulties are sociological in character and 
require socio-pol^itical solutions. Such a thesis raises new 
dimensions for science curriculum projects which have, in the past 
two decades, been accustomed to turn to psychological theories of 
teaching and learning to assist them with their perceived tasks, but 
not to give much attention to sociology. 

The great curriculum revisions in science education of the 
I960*s and 1970* s turned to several sources of help outride of 
science and scienr-^ education. Psychology, one oZ these, wes 
perhaps an obvious discipline to turn to as the study of learning 
has traditionally been part of it. Bruner, Gagne, Piaget and 
Ausubel are psychologists whose names and ideas are explicitly 
identified by many science curriculum projects. 

There is, however, almost no reference in the literature and 
materials of these science curriculum projects to ideas or issues 
that derive from what can broadly be called the sociology of 
knowledge and education or even from the sociology of science. 
Furthermore, the programmes for the implementation of these science 
curricula - a highly social phenomena - were more often described in 
the language of industrial pcoductn, or personal change, or 
communication, rather than in terms social roles or socially 
perceived meaning, or of social control, or of power and authority. 

The Science, Society and Technology raovement and its pro^'-esa 

For at least a decade there has now been a Science, Society 
and Technology movement which is concerned that science education, 
within the school curriculum, should include in its learnings 
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atptcts of tht inttcfacts b«timtn scitnc* and so^ictjf, v5 icitnc^ 
and tachnolo9y. 

Although atttapts to change tcltne* cucclo ^%ym 
aca now sufficitntly numcous that thty can b« .v^tnt 
dafinita progress « tht Mln strtaa of hlgb status fp- -»^*ryy ^ucation 
in tiost countrlts is still scarctly touched by t^«t 5 ^nd T 
BOTtMnt (sat Ptnshaa 1985a) Thtra ar« cUarly pdirtrful 
conatraints operating th'^t ntad to b« understood. In tixlK paper, the 
experience of a decade of one such case a »:ier>c« csur»i that 
very early in the aoveaent espoused an S and V ap;>roach ift used 
to identify several of these typei. of o^nstraintj;/ including ones 
that are epistesologicsl, pe^!agogicil, cgmisatlonal arvd 
eduoo-political. 

This is not to say that there has Uen nc sociological 
analysis of these curriculum projects and thefr use« Young (1971) 
and Layton (1973) in Britain and Connell et al (1982) and Fenahaa 
(1977, 1980) in Australia h^ve argued that powerful socIhI controls 
uve been exercised in and through science curricula* 

The risk of the Guardians of Scientific/ Knowledge 

In the ^880»s the Glfford lecturer In E^linburgh was arguing 
that nabxal philosophy (physics) had as «uch right as natural 
theology to be included in a university's cange of deparoients - an 
arguaent that *8 strange indeed to ide;:^:ify with in the 19Q0*s. It 
was, however, in the 1880»» also, atter a ,\ong debate about 
Spencer's advo&acy in the 1850* s of science as central to a general 
education, that the prestigious east coast univerjltlcs (in the USA) 
helped to e/^tablish science in the curriculua of the high schools in 
that country. In doing so, they placed it in a subservient role to 
their own needs (a very different role /.'roa the one Spencer 
intended) by agreeing to base the selection of their en -ants on 
learning achieveaents that included physics and vneaistry 
(Showalter, 1975). 

Since that time, chemistry and physics h^T« become 
increasingly powerful subjects in the curriculum '^f schooling. 
Indeed, since the second ^rld Kar (the final stages of which were 
dominated by their association with some of the most fundamental 
aspects of 20th century modern physics), these two physical sciences 
have held such supremely established positions in the curriculum of 
secondary schooling (as Latin and Greek held in the nineteenth 
century) that they have not needed to concern themselves with the 
meaning or defence of this supremacy* 

Academic sci#>nti8to from physics and chemistry have been the 
ultimate checfc rol»4t for deciding what knowledge fro« the physical 
sciences is ^t)i'thi of being included in school science courses* 
This is true wht^ther the influence is exercised directly (as tended 
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to b« th« case in tht NSF projects in th« OSA) or indirectly through 
school teachers thoroughly socialised through their oim study at 
university (as in th*j BtiUsh Nu2f ield projects) . 

Major curriculum projects for s^ >ool secondary science hav« 
not been established under advisory or numageaent coMittees of 
industrial or applied scientists. This has «aant in practice that 
the decisions about what knowledge is important have been made in 
educav:ion*s hisrarchial sub-system fo^ science - headed as it is by 
university scienUsts. Layton has used the terms "subject 
maintenance" for the way these science guardians exerciam their 
influence. Not surprisingly^ the outcome of these decisions, time 
and again in ctirriculum projects or revisions, has been a content 
for school chemistry and physics that is very consistent with, and 
preparatory to the type of cheaistry and physics taught at 
university. This has even been so nhen the great majority of 
students who might, or do study physics and chemistry will not be 
going on to sti».dy these subjects in higher education. 



By the mlu 1970»s the position of chemistry and physics as two 
of the three most powerful subjeucs in Victoria v.s unchallenged, 
but their popularity among s^mior secondary -tudants had bean 
declining for more than a deccde. The proportions of Year 12 
students in Victoria studying chemistry and physics had fallen froE 
about 45% in \956 to 27% and 23% respectively In 1976. One obvious 
(but naive) suggestion to redeem the popularity of those sciences 
was the development of t single weight subject in the Physical 
Sciences, and in 1975 a project was approved for this purpose. The 
outcome of the project '/as a new science subject for Victoria's Year 
12 students that was entitled "Physical Science - Man and the 
Physical World". 

The subject was approved (see below) in 1976 and first studied 
and examined in 1977. Several minor revi&^ons in content outline 
and major revisions of its supporting texts have occurred in the 
first decade of its existence. Its basic structure, which set out 
to give overt attention to Pi«re Science, Applied Science and the 
Cultural Impact of Science has, however, been present from its 
inception. Its original sub-title Inspired the developer© and was 
meant to be a reminder to all that the course was a study of tlie 
interactions ietveen mankind and the physical world, And not simply 
a study of the established knowledge in physics and chemistry that 
results from some of these interactions. In 1983 it was decided to 
change the name of the subject to Physical Science - Society and 
Technology - by now a more appropriate wey to labeJ its knowledge 
characteristics. 



The Case - an S, S and T Subject 
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Apprwa t a Pyrrhic victory a<yain»t the guardians 

in Victoria, as In «ost othtr Australian sUtes, subjects ot 
studies in the final years of secondary schooling are conferred 
differential sUtus in a variety of ways. The aost poi#erful set of 
M««i*ted with entty to the K,st prestigious 
universities and to -heir sost socially desired courses and 
faculties such as ■ed^.^lae, engineering and U^. 

Tor exaaple, som of the school Year 12 subjects are 
designated as ones that can contribute to a student's selection 
soore. Secondly, cerUin of these subjects are rccoiendid as 
background preparation for particular courses. Finally, a subject 

!^h^.^^. ^J" r P^^'^^^^^f tor a certain course and such 
subjects must be part of the learning perfocnance that nakes up a 
student's selection score. 

subjects to which, one oi acre of these conditions apply have 
high status in the eyes of teachers (at school and in higher 
education) , parents, and the coowmity, and hence also of students. 
Indeed a nuaber of other social institutions like banks, the 
government public service, and large industrial conpanies in 
Australia also use only a student's achieveiaents in these sorts of 
subjects in selecting and appointing staff. 

At the tine when Physical Science was seeking approval for the 
first category above, it had to be independently approved by the 
^jree universities and by the Victorial Universities and Schools 
Board, the body that was responsible for the conduct of the 
?!. ^^^^ °^ secondary schooling. Strong 

opposition to the subject during its developaent had been voiced by 
sooe os^jers of the Physics Departaent of Melbo- Tne University, who 
at a very early stage approached the director of the project ana 
Offered support provided ti.e project would declare that the purpose 
of the subject was to provide a terminal school -experience of 
science education for those students who had no intention of qoina 
on with science studies in higher education. 

By a chance coincidence the Meting dates for the Melbourne 
University Cowittee and the University and Schools Boiird coincided 
and the spokesperson of these powerful opponents chose to exert his 
influence at the iseeting of the Board of which he happened also to 
be * jaember. His notion of non-approval was lost at the Board due 
to strong interventions by some of the schools' representatives. 

This was not the end of the o^wsition however, and for almost 
aoprova has been shackled. None of the 
universities in Victoria would list it in their publicity material 
m . either the rewom»en<?ed or th# pre requisite categoric?. 
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"'•^ ^^"^^^ Board a constraint that said 

that P^3lcal scltnc* cculd not be taktn with Physics or Ch«ilstry. 
Sltice Che«lstry (and In 1977 Physic ulso) Is a pre-re^l,lte tor 
ent«rl»j the Medical --cultles In Victorian universities, and 
ch«lstry and physic* ar« pre-: ^uisite cr reco-icndei for 
Bnglneerlng, tb.« thousands of studenu who would want to hold op^n 
these prestigious courses as e-on faint possibilities have not been 
able jy consider studying Physical Science on its Intrinsic aerits 
as a course of science study. 

The subtLety of these constr^ilnts «o such that th« 
universities could continue to claia ^hat they would accept students 
of Physical Science into their courses ai.1 faculties except for 
Medicine and Engineering but nowhere did they re!-r to It directly 
in a positive sence. Students, teachers and schools had to be very 
persiftant to dlscov"»r that Physical Science had this degree of 
social acceptance. 

«u X "^-^ '"^^^^ constraint on the teaching of 

Physical Science has been the Interaction between these university 
conditions and the size of victoria's secondary schools. Many 
secondary schools in Victoria are quite small with considerably 

«nfLn^ Tm'''".^ ^^^^^'^in^iy thes-e schools were 
confronted wlUx the agonising (but easy to decide) choice of 
t^chlng chemistry or Physical Science, since neither bielr science ' 
student nuabare nor their science teaching resources could justify 
both subjects chemlscry always won, since to abandon that powerful 
pre-requislLe subject was in effect for a school to render itself 
non-acadealc-. in one school vlth 12 science students, 10 wished 
to do Physical Science and 2 chemistry. when asked why the 
Interests of the ten were sacrificed for the two, the school quoted 
the pre-requlslte status of chemistry for Medicine although no one 
could remember when a student froa that school had gained a place In 
Kedlclnel *^ 

At a much lower point of higher education's scale of status, 
it had bean envisaged that the colleges that offered courses for the 
trilnlng of primary school teachers would welcome Physical science 
: deplored for so long the fact that almost none of 

their students have studied either Physics or Chemistry In their 
final two years of seoDndary schooling. Alas In these cases, the 
college autlKirltl-id were again unptepcred to recommend or require 
Physical Science lest they were parc^^ived by their potential 
^ppllcants In the schools In an unfavourable light, and hence fall 
* enccl^es - an Increasingly important 

condition for their continued funding as the Australian econony 
worsened from 1975 onwards and spending on higher education cane 
under Increasing scrutiny. 
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Clash*s wita the guirdlans 

Th« Physical Sclenc« project teaa began In 1975 when the 
international energy crisis was well known it not seriously felt In 
Australia* it is thus not surprising that the tean received a 
nuaber of suggestions, frcs the wide range of pure and applied 
scientists It consulted, that a wre substantial and realistic 
treatatnt of energy and the practical problems of Its use should be 
included* Accordingly, It developed several units that were based 
on eneroy interchanges and transfocmz^tions rather than energy 
contained, gained and lo^t. Hbrk, in this approach, is thus not 
described as a form of coergy, but as a mechanism of energy 
transfer. The core unit for these studies of energy was called 
Energy Transformations and another focussed on Snglnes and Fuels* 

As these plans became known, criticisms began to emerge fro« 
sources involved In physics and chemistry. Ther« took several 
forms. Firstly, the energy content in Physical Science was said to 
be In^proprlate tor a school Physical Science subject because It 
was not Included In the current physics and chemistry courses (based 
on PSSC and CHEN Study as they were at that time) . This particular 
criticism occurred so often that It became clear that these 
guardians expected a subject the content of which would be bounded 
by whatever was currently being taught in physics and chemistry. 
Another example for this criticism was the inclusion of polyuers* 
wood and ceramics among the materials in the ^mit. Useful Materials* 
on properties and structure of materials. Kon^ of these useful 
materials were at that time ones that v.he school chealstry course 
used to teach Its topic on the structure and bonding of solids. 

A second attack distorted the practical discussJ.ori in ^jie 
course of efficiency in the use of energy, into a claim that the 
subject was trying to toach secondary scudents the Secon«5 Law of 
Theimodynamlcs -> a clearly Inappropriate topic since It was, taught 
in the first or second year of a university science course. Again, 
the inter aci^lonal approach to the teaching of energy was attacked, 
despite its use and advocacy by a number of tertiary advisers. 
Agiln* it was not the one being used In chemistry cc physics. 

Finally, for this tjpic of 'snergy (as in all course's topics) 
these guardians arqued that tho iitudy of the social, economic and 
historical asaocli^Uons of eMt^y that the course encouraged, was 
noC appropriate in u course wishing to claim for it' elf the wor<? 
'Science* in its title. 

A schackled existence but a new threat 

PhysiK.al Science - Technology and Society continued to exist 
between 1977 emd 1986. It Ww^ supported by a loyal enthusiastic 
committee of teachers, tertiary science educators, and applied 
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scientists. Bach year, howev.>r, only .i handful of schools enabled 
students to study it. HeverthbJ^ss, one o? thi. tasks the coMtittee 
had was that of setting the external exaaination that is required as 
a central part of the assessment of all subjects in the university 
entrance category in Victoria. 

Thoaas (1985 a and b) , the chalman of the examining panel for 
a number of years, has recently outlined some of the Ingenloa- ways 
In which he *nd ii.s colleagues have learnt to devise Iteaa that 
encourage and assess the learning of the three broad themes of this 
subject. This decade of experience of examining S, 3 and T 
intentions for learning could be an Invaluable aid to examiners In 
those several other countries that are tj^ requiring part of 
national examinations In science to reflect more applied aspects of 
science and Its socied consequences (e.g. Britain and Kenya) . 

As the 1970" s moved to the 1980 's and significant numbers of 
young people faced the prospect unemployment, the role of 
secondary schooling In Australia came under increasing scrutiny. 
Governments of conservative and socialist leanings In Australia both 
set up policies that aim(»d at much greater participation In full 
secondary education than had been the case in a country where many 
young people had traditionally left school between 15 and 18 and 
moved successfully into employment, with or without further 
part-time study. These policies highlighted more sharply the 
decline in the popularity of physics and chemistry and their elite 
position. Once again, questions have been raised as to how many 
more senior secondary students could be effectively engaged In 
studying the physical sciences. 

The Physical Science course in victoria in 1976, If 
unconstrained, may have attracted many taore students (as intended) 
to the study of the physical scien.nes. It could, however, have 
undoubtedly also attracted many of the existing students of phys.\:s 
and chctistry to a point where their power bases were threatened. 
Accordingly, social forces ec»rged to control and severely ooncain 
it. In 1936/ in quite new social circumstances, it was, even though 
so limited, a living model for the next fflaj-)r reform that was 
seeking ways to make the study of science mandatory for all senior 
secondary students. Tnis time, discrediting by a powerful 
university was the social process used to protect traditional 
physics and chemistry. 



A feature of i number of school science courses as ideas of S# 
S and T becaae more commonly known throughout the 1970' s was the 
incorporation of phrases like "applications of science** and "social 
implications and limitations of science" into the detalle<l 
statements of course outlines for physics and chemistry* After the 
19S0'8 when many texfc books for the physical sciences at school were 
p&rtiC!4larly a-social in their presentation (Fensham, 197<) , revised 
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•dltion* or ntv texts In tht 70' • began to Include examples of the 
application* off these sciences with varying aaounts olf detail. 

Usually r however, these new esphases, or additional material, 
do not involve a re-ordering of the basic sequence in i^hich the 
science was to be taught. The logic for the selection of the basic 
content an4 the sequence for its teaching and learning have reiuiin«vi 
that of the acsdeaic discipline and not that of the applications. 
Furthenwre, the aarginal character of these concessions to S, S and 
T were very clear if the exasination papers for these subject* were 
analysed, very little iff any credit was available for learning the 
^lled or social asp«cts of the science. The primary intention of 
the learning for the exaainations was the orthodox conceptual anS 
descriptive ocntent of the acadeaic science.* 

^a^w.**^*"*"^ S# S and T or Science for All (see Fenshaa, 

1985b) see* to be trying for a more substantial refora of science 
education. However, the experience oi Physical Science suggests 
that strong social forces of resistance will emerge if this refora 
takes cerUin directions, when it does, only a more compelling 
combination of societal interests will enable these resistances to 
oe overcoae and the changes to occur. 

Soae of these threatening directions seea to be now clear. 

1* When an S, S and T science course is established that 
could coisplete in attractiveness with the existing 
physics and cheaistry courses. 

2» When an S , S and T science course includes (or 
suggests the inclusion of) science topics or 
approaches and «fpects of rcience that arc not 
included in the exJ.sting physics and cheaistry courses. 

3» When a S, S a'.d T science course claims to be a 
sufficient ba'jls of science learning from which 
universities 'jught to be able to accept students for 
courses involving physical sciences. 

4» When a science course wishes to include social, 
political and econoaic aspects of S, 2 and T 
interactions as serious parts of the intended learning 
as distinct froa contextual or aotivational purposes. 

5. When successful loarnii^ in an S, S and T science 
course seeks to compete with physics and cheaistry for 
status such /IS is conferifid by being the basis for 
selection into socially prestigious courses or 
professions. 

The very recent developaents in exaain^itions reported above aay 
indicate that th^ S ft T aovement has gained significant social 
strength »n these countries. 
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SCHOOL SDOCATIOH IM AUSTRALIA 



School educMtion in Australia i5 under the control of thtf 
eight separate states and territories, so that there are quite 
significant variations, particularly in curriculum. 

Xn general, there are 13 years of schooling, P (preparatory 
year), 1 - 12. in soae states primary schools inlcude P, I - 6 and 
in others P, 1 - 7, Some scates also divide the secondary years 
so that there are junior high schools for 7 " 10 and senior high 
schools or coBounity colleges for 11, 12. 

Children enter the preparatory yc^r (often after a year in 
kindergarten) between 4h or Sh years of age. They thus move into 
secondary schooling 2)etvee^ lib ^nd 13b, snd into Yeai' 11 at about 
16. They com:ylete the 12th year at 17 Or 18 but increasingly these j 
last tvo yearn of schooling may include older students who have had r 
several years out of school. 

The learning achievements in Year 12 have been the basis 
for university selection although this is now being reconsidered ; 
in a number of states. Assessment at Year 12 has traditioncilXy been 
by an i^xtemally set and marJced examination j^per. Since 1978 in 
a numb&r of states assessments carried out internally in the student's ^ 
school hdve been an increasing component alongside the external 
examination. A number of students in soae states now take courses 
that are 2>ased on a negotiated curriculum where f^lf or mutual 
assessment is involved. 

The paper makes clear where it fits into the system, namely, 
a Science course at Year 12 seeking status as a subject for university 
entrance. 
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WHAT IS STS T 



William Hall (Executive Director, TAPE National Centre for 
Research and Development, Australia) 



INTRODUCTION 

STS (Che ce aching of the Interactions of science, teci.aology and 
society) Is becoming respectable! There are university research 
deparcnents, college courses, school and tertiary educavf.on 
curricula, and fu7.l-tlae evaluations all dealing with STS. However, 
STS Is a discipline as yet to be properly defined and it has yet to 
develop concepts which are unique to Itself. A great deal of 
research has yet to be done before STS can be assured of a secure 
place in science and technology education. 

The purpose of this paper is to help push this research along a 
little by discussing two questions : 

(a) What is STS? 

(b) What should STS bocooe? 

I present a personal point of view and am deliberately 
controversial. X want to generate discufiuion at the synposltus! It 
is my opinion that STS is in danger of becoming a minor aber*'ation 
in education, taking its place with general science, enviromsntal 
science and integrated science. It will do this because it lackr 
focus, is amorphous in its content, has not developed its own 
concepts or theoretical structures and is regarded as a soft option 
by academic students on the one hand and is seen as totally 
irrelevant to their future Job requirements by less academic 
students on the other hand. Science tcacheia; are generally 
antagonistic, or ignorant, or apathetic. 

This paper deals with the two questions by describing the many 
interpretations of STS and then go in on to propose a more realistic 
interpretation. This more realistic interpretation is developed by 
sieans of a detailed case study of the 'new technology'. 



WHAT TS STS? 

There are at least ten interpretations of STS. These are not 
mutually exclusive and all are briefly described beloc. 



Teaching the social implications of scientific discovery or 
technological change was one of the first interpretations of 
STS. X'. Jced, social implications were taught for many years 
before STS was even thought about. Early proponents sonetines 
had left-wing tendencies (indeed, a leading social implications 
author of the 1930's was a Marxist). 

The questioning of cither technological "advance" or of science 
as life's elixir was regarded as radical. 



1. 
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Countrlta needed aclentlata and technologist and so most 
teachers thought that nothing should be done to frighten 
prospective students away. Teaching social Inpllcatlons, 
therefore, becaae a superficial description of scientific and 
technological achievement. There was no learned criticism: 
such criticism was left to long*halred radicals. 

For example, students nade mes^v things called plastics and 
then gazed at photographs of 1 jhlon models wearing clothes 
manufactured from artificial fibre:.. Descriptions of cotintless 
nu28bers of bor.lns boron hydride experiments were Justified by 
rocket photographs; and textbooks were liberally sprinkled 
with pictures of gaa cookers, fields of maize /\nd high speed 
electric trains. Science and technology were the answers. 

Then pollution was discovered.. Everyone scrambled on to this. 
Including art teachera, social studies teachers and language 
teachers. Students ataggered from one class to another to 

discuss, describe, paint, experiment and argue about 
pollution. Ko one could actually do anything about the 
probless but the feeling of concern was there and teachers 
believed that they were teachl\ig something really worthwhile. 
Indeed, the whole pollution movement In science education 
Illustrates how utterly pointless the teachln<^ of social 
Implications has become, reducing STS to a series of political 
slogans and with most of the social Implications examples used 
by teachers being veil removed from the spheres of Influence of 
the majority of ordinary citizens. 

Technological Applteations 

Technological applications of science have been taught for as 
long as there has been science educ&tjLO i. Models of coal mine 
Ventilation (as an application of convection currents) and 
Holmyard and Palmer's (fifty years old!) chemistry text with 
Its Industrial processes and barely legible half-tone 
photographs are well known to many of us. 

One of the most elegant books written on technological 
applications 1$ E.G. Richardson's ''Physical Science In Art and 
Industry" (English Universities Press, I960) published some 
twenty years before the big U.S.A. and U.K. science projects 
even began. 

My lualn criticisms of this approach to STS are, firstly, almost 
always the technology chosen Is 'academic' technology rather 
than thi technology of «iver7*day life and, secondly, only that 
technology relevant to the needs of big Industry or commerce Is 
usually selected. 

For exnmple, we need ** captains* of Industry and so technology 
Is presented as an attractive, problem-solvln^ exercise for the 
most able atudents. Unless you're going to be the Managing 
Director of (say) iCl, then this approach Is seen as 
Irrelevant. I once wtote a book Just like that ("Science and 
Decision Making**, Longmans, 1976) which I thought was the last 
word In STS education. It was not, because Its examples. Its 
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approach, and ics US3, ver« all £&t renoved fron Che studencs' 
present and prospeccive worlds. 

3. SIS 

The equilateral crlangle vich science vrlccen ac one comer, 
cechnology ac another comer and soclecy ac che Chlrd corner, 
has beccne che banner of che STS aoveaenc. 

There has been debate abouc vhecher a poslclon Inside che 
crlangle har< any useful meaning buc. In nose cases, Che 
crlangle has sufficed nerely co represenc "Inceracclons" 
vhacever chey are, becveen science, cechnology and soclecy. 

In pracclce vhac ch^s has neanc Is chac Inscead of ceachlng 
Jusc abouc che cechnolcjlcal appllcaclons of science, or abouc 
che social Inpllcaclons, boch have been caughc cogecher. This 
has usually been done haphazardly, superficially and noscly In 
Ignorance of che real social pressures (such as pollclcal or 
econonlc pressures). This Is no*" surprising because science 
ai;<l cechnology educacors have had a narrow educaclon 
chenselves, and nose would noc have a clue abouC how najor 
'Jeclslons are caken In (say) policies, economics or csraerce. 
Nevertheless, In che belief chac all people chink an<^ acc like 
sclenclsf:s or cechnologlscs (and wlch corcured acadecklc deb. Ces 
/ahouc che differences becween science and technology) v«e have 
STS courses produced which wouitf make pollclclans 2nd 
Industrialists squirm with enbarrassment at those places In 
courses where they themselves are mentioned. 

In my talk to the Nottingham Conference held In 1982 I listed 
some of the problems I Judged had to be overcome If STS were to 
progress. These problems were : 

(a) lack of clear definitions 

(b) lack of theoretical structure 

(c) Inadequate curriculum development procedures 

(d) teacher resistance 

(e) opposition of higher education 

(f) r"e- and In-servlcc teacher education deficiencies 

(g) patif^lty of curriculum materials. 

Host of these still remain a problem end there has been no 
progress Ir some Instances at all. 

4. Science For Jobs 

A fairly narrow interpretation of STS is Chat the purpose of a 
sciei :e or technology education is to prepare a person for a 
Job and so STS should reflect this. he argument is as old as 
science and technology education, as is the counter-argument : 
thaC only a small minority of students will actually become 
scientist or technologists and so such an approach is 
indefensible. Nevertheless, some STS does seem to make such an 
assumption, basing its examples, or case studies, not so much 
on citizenship but on being a manager in Industry. It is 
another example of the "captains of industry" approach. 
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5. Scignctttt ms Peopl<> 

I can well reaember the dlicovesy by gone of ay Nuffield and 
Schools Council colleagues In the 1970's, when th^y 
sun>]^lslngly exclalned that scientists were real life people 
(or long dead people). For Come rea:fon, thu fact that a 
scientist had been a spy, cr a ae*aber of a strange religious 
sect, or of left wing or right wing politically, was 
information vhlch Mattered a great deal Indeed. The classical 
lavs of science had to be shown to have real live people behind 
then. 

Monographs were produced vhlch gave life stories, placing 
scientific lavs or discoveries Into social and historical 
contexts. Industry vas vi<tved social groups* not Just as 
collections of buildings housing the equipaent and nachinery. 

Nov this approach to STS frequently led to Interesting case 
studies, but could hardly be seen to be reaotely relevant to 
the lanedlate or future needs of aoit students. This approach 
in text books Is nov some tines relegated to a box of texv:, plus 
photograph, separated fron the real science and capable of 
being skipped by the disinterested, vho vlsh to get down to 
the hard scientific or technological facts contained In a 
textbook. 

6. Science for Citizenship 

T^z first tl «e I vas faced vith teaching science for 
citizenship vas when, as a youn£ teacher, I vas presentiid vlth 
a cl0%t of arts sixth fom students. They vere tlaetabied for 
tvo lessons of science each week. When I asked the 
departmental h6i>d for the syllabus I vas told to teach anything 
vhlch kept thea amused. At their first lesson they aade It 
clear that they regarded their tvo veekly science lessons as a 
conplete vaste of tine and I vas challenged to do somevhlng 
vhlch interested them. I tried ail sorts of approaches, bat 
the one vhlch really fascinated them vas the periodic table. 
So nuch for science for citizenship I thought! 

Two the good things about Australian schools are that they 
have always been' comprehensive and the high degree of early 
specialisation known in the UK has been avoided. Therefore, It 
is conaon for a student not to decide vhether to study arts, 
science or technology until the end of schc'ollng. This means 
that some science aay be studied by all students so the 
/.ppalllng deficiencies In general education can be avoided. 

However, I an avoiding the aain issue : vhat science Is needed 
for * citizenship'? Perhaps the nev project based at Leeds 
University viU help to throv some Mght on this. Uhen a group 
of us considered the question some years ago, va came to the 
conclusion that very little science indeed (as it vas then 
being taught In schools) vas required by most citizens. 

Emphasis should b« on the technology component of STS and any 
science which is required should be of an integrated kind, not 
taught as separate coaponents. 
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7. Iwuact of Science Technolog y on Society 

Sci«nce and technology have Influenced every conponent of our 
lives : politics, economics, 4:rt, religion, hobbles, 
coBnunlcatlon and so on. One approach to STS has been to 
consider these Influences. Unfortunately, the education 
received by nost science .and technology teachers does not 
adequately prepare them to teach STS In this way. For example, 
how many readers of this p/tper could give even a superficial 
answer to the question : What were the effects of the 
Industrial revolution on painting? 

8. History and Phllofionh y of Science 

History and philosophy of science used to be taught as a 
somewhat esoteric, academic subject and those teaching It would 
not have regarded themselves as STS proponents. Nevertheless, 
history and philosophy of science can be used as a vehicle for 
STS. 

9. History of Technolopf 

The history of technology has become a part of popular 
culture. There are now Impressive museums of technology (both 
Indoors and outdooL^s) which give STS examples on a grand 
scale. School project work sometimes uses local Industries to 
build up a history of technology and the Integration of school 
subjects within a project can produce first ^lass STS 
material. Unfortunately, such Interesting work Is frequently 
confined to the Primary School. 

10. Problfw Solvtnf 

There Is a plethora of books on the principles, psychology, 
theory and application of problem solving. One model, which 
was used by a project In which I was Involved, Is the Cagn« 
learning model which In the act of combining principles, to 
form a new principle In order to solve problems, did draw on 
STS examples and material. 

Real world problem solving can be an STS activity; laboratory 
problem solving rarely will be. Some technology projects have 
attempted to achieve a broad approach to problem solving, but 
many approaches have been contrived. 

Any of these approacues to STS have t!»ls In common: they arc 
generally superficial once outside the science or technology 
components and they are not relevant to the future needs of most 
students. The next section of my paper suggests how la<k of 
relevancy may be overcome. 



WHAT SHOULD STS BE? 

The approathes to STS which have been outlined above all have the 
same weakne&ses : 
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(a) th« approAchts t«k«n and txanples lued vichin chesc approaches 
do r >c couch th« lives of »osc students; 

(b) couraea are usually "acadealc" (even when written for the less 
acadeaic); 

(c) thoae involved in producing courses have thcnselves, had little 
or no experieace of vork outside the classrooa and this is 
reflected in the Approaches themselves; 

(d) there is rarely a balance of science and technology and society 
as that balance occurs in everyday life. 

Vhat can be done to overcoae such deficiencies and what should be 
the approach to STS? I vould like to suggest that STS should in 
fact be SITS : the interactions of the scientist, the technologist, 
the technician and society : 



Socittr 




It is at the technical level that rx>st of us zteet the technological 
applications of science. Few people will becone scientists or 
technologists, many aore will becoae technicians or will hi involved 
quite regularly in technical activities in their homes. Few will 
interact directly with scientists or technologists, all but the very 
few will interact with technicians (such as pluaber^. a1 ctricians, 
conputer operators, (^ar^ge mechanics). And aloost everyone will be 
involved in technical activities of one sort or another for aost of 
their lives, with aost of those activities including a problem 
solving component to thea. This involvement can range from mending 
fuses through to rebuilding vintage cars is a hobby. 

How to Teieh STTS 

One way of achieving this approt';h to srTS is to build the 
currlculua around those vocational skills which will be required by 
the sajority of studentf (as compared with the tiny miinority of 
students vh? beriefited froa such an approach described in the first 
part of this report). The starting point in developing such a 
science currlculua should be to ask what skills a student will find 
useful in the home, in future jobs and for leisure activities. 
These skills will embrace knowledge, attitudes and mcnual skills. 
It will be argued that there is little new in this, but I would 
counter the arguaent by pointing out that what has actually happened 
in science education bears little or relationship with i^at I aa 
suggesting. (One approach to STTS will be described in the talk.) 
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What we need is a partnership of •educators* and "trainers" and 
there is «very indication that this is starting to develop in 
Australia. The "education* versus "training" debate is a 

non- productive one. Training, or skills without knowledge, has sose 
aeaning for labourers who are involved in repetitive activities in 
their jobs. This is a fast declining area of occupations. 

Aloost as spurious as the education/training debate is 
vocational/personal developaent dichotony. I do not wish to 
underestimate the iaporr^nce and value of prograaoes (e.g. 
expressive arts, huaanities) that have as their objective personal 
enrichaent and educational liberalise!. But to assuae that 
vocational education is devoid of personal developaent is fallacious 
except where the teacher is unsatisfactory. For aany tertiary 
students the greatest potential for personal development is via 
vocatiotial education. 

All good education appeals to the head, the hand, and the heart 
(those who prefer jargon know these are cognitive, psychomotor and 
affective alas). To concentrate exclusively on the "hand" will 
produce unthinking, moronic xoachines. To concentrate exclusively on 
the "head" will produce people capable of doing little which is of 
practical use. The "heart" must be catered for if we want our 
society to be huaane. And in these difficult tiaes, a huaane 
approach is of paramount importance. 

STS has failed in all of its approaches (as described in the first 
part of this paper) to appeal to the majority of our students. Pure 
science education continues on its aweful way. In its present form, 
it would be better net to have science education in secondary 
education at all, than to continue with what Is presently taught. 
STTS then, with a proper balance of all components and without an 
undue emphasis on (say) the technical aspects, could make science 
and technology education far more attractive i i students (and to 
politicians!). One example of this will be given in the talk. 



AUSTRALIA: Pre^untvcrst tv e ducational system 

Compulsory schooling 5-15 years (grades 1-10) with grades 11-12 
completed for higher education entrance. High school (wholly 
comprehensive) starts at grades 7/8. Tertiary entrance is 
school-based (Queensland) or mixtures of external examinations and 
school'based assessment. 

Tertiary sector consists of universities, colleges of advanced 
education (CAE's), and technical and further education (TAFE) 
colleges. 

This paoqr is concerned with upper secondary/TAFC. 

mi — Hall B. Sc. (Hon.), M.Sc, Ph.D. is Executive Director of the 
TAFE National Centre for Research and Development, Australia. He 
has been a CAE Director, head of a university department, curriculum 
developer, teacher, businessman and newspaper columnist. Author or 
co-author of 25 books and about 80 papers. Lay preacher in the 
Anglican Church. 

Er|c 385V: 
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R3RCES HINDERING THE DmaWCTlCN OP SIS HWCATICN IN SCHOOLS 

George I. Za'rour, PH.D. (American Ifaiversity of Beirut, 
Beirut » Lebanon] 

Many aspects of human activity have been bombarded with innovations 
and undergoing changes which have becoioe part of everyday life 
practically throughout the world. Attitudes towards change and 
innovations are far from being universally or regionally uniform as a 
particular innovation may be considered as a blessing by some people 
and a curse by others. Science and technology have contributed 
heavily to innovations and change and have enjoyed high prestige and 
wide popular support until the middle of the century. Slowly, many 
societal problems and issues related to poverty, environment, horrors 
of war, hunger and food resources, populatioii growth, insecticides, 
carcinogens, toxic waste disposals and, lately, problems related to 
drugs and genetic engineering revealed to considerable segments of 
the population in a number of countries a different and ugly view of 
science and technology. The limitations and fallibility of science, 
scientists, and those who apply science could no inore be ignored or 
overlooked. There were cries calling for providing the public with 
better and more honest infoircation about the pros and cons of science 
and technology. It was with this fundamental goal that the Science- 
Technology-Society (STS) movement took off. 

Educational systems worldwide have been known to be conservative and 
to evolve at a very slow pace. Fbrces hindering innovation and change 
can be found even in situations where genewus funding backed the 
efforts to induce educational changes. For example, of the numerous 
science curriculum development projects of the sixty's in the U.S., 
those which deviated significantly from the curricula being replaced 
tended to have limited success. This was particularly true when the 
curriculum development project constituted a threat to well- 
established courses like physics and chemistry or when the change 
involved courses that had the potential to infringe on these. To 
illustrate, ISCS, an intermediate school science program, filled a 
gap and relatively was quite successful but ISIS which had the 
potential of replacing the traditional courses of biology, chemistry 
and physics hardly had the chance to take off. 

Science, Technology and Society education csems to have gained 
considerable grounds during the past decade. The lOSTE, in general, 
and its special interest group known as the STS Research Network 
(STSRN), in particular, played a significant role in contributing to 
a greater appreciation of STS education and to recognition of its 
importance. One of the arguments in favor of the introduction of STS 
in schools is the need for an infonned public to contribute 
intelligently and in a responsible manner to decision-making in 
problems related to the impact of science and technology on society 
and their interrelationships. This is hopefi.lly achieved through 
making students aware of the long-teim consequences of developments 
in science and technology. Another argument for the introduction of 
STS in schools revolves around the fact that in many countries the 
science being taught is not relevant to the needs of the majority of 
the students but aims at preparing for the future study of science at 
the university level. This is so in spite of the fact that very small 
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percentages of students reach the university and, of these, only a 
fraction specialize in scientific fields. 

Damitinent to STS is on the increase at least at the oratory and 
declaration of intent levels. This is reflected in the frequency of 
reference to STS in presentations and discussions during meetings and 
conferences related to science education. The Second Technological 
Literacy Conference which vas held in the Washington D.C. area in 
February, 1987 addressed the role of STS in proinoting technological 
literacy as well as the ethical and value iii5)lications of science and 
technology. There were about 600 registrants, about four times the 
nmnber in the first conference. In the I-larch 1987 annual meeting of 
the American NSTA, there were at least 17 scheduled presentations 
whose titles directly suggested that an STS issue is being addressed. 
One of five principal recommendations of the Exeter II Conference 
reads as follows: "Science-technology-society materials and 
approaches are essential to the meaningful reform of all courses in 
the science curriculum" (Brinckerhoff & Yager, 1986, p. 26). 
According to Penick and Yager (1984), the U.S. "National Science 
Foundation is emphasizing technology education as an equal partner 
with science education in order for students to understand new 
technology and its role in society." The Center for Education in 
Science, Technology and Society of the Pennsylvania State University 
has secured funds from the GTE Education Foundation to support 
graduate fellowships and teacher scholarships in STS education for 
graduate students who intend to continue a teaching career in STS. 
These grants were started for 1985-86 and have been extended for the 
1987-88 school year. In the United Kingdc»n, the report. The Public 
Understanding of Science, by a Working Group for the British Royal 
Society provides support for STS education and emphasizes the role of 
fonnal education systems in determining the public's understanding of 
science (STSRN, Nov. 1986). Tho STSRN Missives of February and 
November, 1986 include information about a wide range of STS 
activities, publications and production of related materials by 
individuals, groups and institutions in several countries that 
include: Australia, Canada, F.R. of Germany, Holland, India, Israel, 
I:aly, N.S.W., Tamil NUda, U.K., U.S.A., West Bank and Zambia. 

The battle for an respectable position to STS in the school 
curriculum has not been won in spite of the eloquent and positive 
pronouncements and the mushrooming activities. The proponents of STS 
material in the school curriculum face many problems especially at 
the time of implementation and any success in permeating the 
traditional science disciplines of physicis, chemistry and biology 
has been minimal, in my judgment. Experimentation and trial of new 
ideas are more acceptable when their impact is marginal like when STS 
courses replace elective courses of physical science or possibly 
earth science - courses which have not been established in the 
maim t ream of college preparatory courses. Furthermore, STS movement 
does not seem to have gained much ground within the educational 
systems pf developing countries. Ify thesis is that proponents of STS 
face many difficulties in the process of introducing it to schools. 
What are the major forces hindering this introduction? 

The problems facing those who strive to introduce STS into an 
educational system as well as the forces that stand in the way of its 



ERIC 




733 



introduction vary widely and depend upon the magnitude, the level and 
the context in which STS is introduced. For example, if 5 to 10 t of 
a chemistry or biology course content is to be substituted by STS 
issues, the opposition is likely to be minimal when coinpared to a 
situation in v^ich a full-fledged STS course is presented as a 
plausible replacement for these. Another variation in problems and 
approaches stems from the system of education in the country, whether 
it is centralized or not. In centralized systems, govemnent 
officials in the Ministry of Education have to be convinced about the 
change and, once they and their superiors are convinced, the 
innovation is likely to be sweeping covering a vholo country. A 
furtliei* coo5)lication stems from the fact that enthusiasm for and 
interest in STS as an iiqwrtant component of the school curriculum 
vary widely among regions, countries and educational systems and, 
sometimes, vrfiithin the same school. Notwithstanding all these 
variations and differences, the following seem to be major and cannon 
forces that hinder the introduction of STS in schools: 

a) Conservative nature of educational systems. 

b) High esteem accorded the disciplines of physics, chemistry and 
biology in their traditional forms. 

c) College/university requirements and the overriding importance of 
external examinations and the priority of topics that are covered 
by the examinations. 

d) The teacher element v^ich can be exemplified by the resistance of 
teachers to lose or dilute their well-established control over 
subject matter. 

e) The unfamiliarity of teachers w*th the required teaching models 
and approaches. 

f ) The nature of the STS material w, tends to be fluid and 
tentative when con^ared to the "c ir-cut" information style of 
traditional science courses. 

g) Lack of scarcity of textbooks and instructional materials in the 
STS field. 

h) Position of commmity and interest groups. 

It is clear that the outlined forces/problems that hinder the 
introduction of STS in schools are not mutually exclusive. Efforts 
will be made not to duplicate as these points are being discussed and 
elaborated in the following sections: 



a) Conservative nature of educational systems 

"Educational innovation is a politically charged issue and the 
continuity of educational policy is highly dependent upon political 
continuity and stability" (Crossley, 1984). The process of change 
involves initiation of the ideas for change and presenting them 
convincingly to those empowered to adopt them. These steps are 
followed by implementation and continuation after the novelty factor 
is out or, in many centralized systems, after the Minister of 
Education has been replaced with a change in the cabinet. When a 
system is functioning smoothly and is stable, there will be 
hesitation to delve into the unknown and rock the boat. Introduction 
of STS may be considered as disrupting to the existing order. By 
tr^lition, educational institutions have been entrusted with the 
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preservation and transmission of the culture and the inherent 
societal values and, as such assun^ a conservative stabilizing force 
in society. Under such conditions, there have to be cogent and 
convincing reasons for change that are to the satisfaction of those 
concerned. It also helps if the budget ^, cot adversely affecced by 
the proposed changes and if concrete and so^tnd proposals for 
iji^lenientation are made available. Ihe degree of receptivity to 
change has to be assessed with respect to all those who need to be 
convinced and the list may include politicians, school officials, 
teachers, parents, students and the general public. 

Developing countries may be approaching educational innovations with 
more caution than in the past for several reasons. For example, many 
such countries have not reaped the anticipated economic and social 
consequences of their heavy investment in education. From another 
anf le, many developing countries have patterned their curriculum 
development practices after experiences in developed countries and 
found out later that many curriculum innovations were condemned in 
their countries of origin. One lesson thr.t may have been learned is 
opting for smal>scale pilot projects or trials. It should be pointed 
out, however, that a successful small-scale trial does not 
neces^-irily guarantee a successful wide-scale replication especially 
recognizing that key and enthusiastic individuals who usually play a 
major role in trials cannot be available on the same scale and 
commitment in country-wide replications. Innovations may be accepted 
rather easily in '"ituations reflecting instability or dissatisfaction 
or under conditions of disenchantment with the status quo. For 
example, the major criticisms to which education in the U.S. has been 
subjected recently may provide fertile ground for innovation and 
change (refer to A Nation at Risk, 1983). 



b) High esteem accorded to tie disciplines of physics, chemistry and 
biology 

Latin, greek and geometry have been taught in the middle ages and 
until the turn of this century in order to sharpen the minds of 
students. The science disciplines may have contributed at least a 
partial substitute for these through the declared objectives of 
critical thinking, problem solving and scientific approach. For a 
long time, the success stories of science have been heard in much 
louder tones than stories of failure. A student who has pursued the 
academic route in the secondary school and wl^o has studied all the 
science offerings has increased his chances of entering the 
university and of being considered for enrollment in any field of 
study, especially the socially desirable professions. All this esteem 
and prestige cannot be dismissed easily and efforts to tamper with 
these disciplines are likely to arouse strong opposition. 



c) College/university requirements and examinations 

Introducing STS materials as part of an intennediate science 
curriculum may not create problems if there is no external 
examination stressing material other than STS. A number of developing 
countries do have external examinations at the end of the ninth 
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grade. The picture changes towards the end of the secondary cycle as 
st'jdents in practically all countries have to compete in examinations 
whose results detenuine promotion or admission to colleges and 
universities. With this in mind, it is understandable why students, 
parents and school officials g\ve great inqwrtance to university 
requirements and will not sacrifice or compromise traditional 
academic standards for the sake of innovations. In order for STS 
materials to gain ground in the college-preparatory secondary 
curriculun, it has to be recognized either directly or indirectly by 
universities and be covered in the external examinations that affect 
admission to universities and placonent in demanding fxelds of --tudy. 
As the situation stands at present, STS courses have the potential of 
successfully cooq)eting with courses taken by the non-science oriented 
student in lieu of other courses that may be classified as n^n- 
college preparatory. In the U.S., the recent trend of requiring more 
science credits for graduation from high school may open the door for 
the introduction of STS courses for the benefit of students who have 
traditionally shied away from the traditional science disciplines. 
The challenge is to find ways and means to inject all types of 
courses - college-preparatory or not - with doses of STS materials in 
ways that enrich traditional courses and make them more relevant and 
interesting without diluting the requixjments for those who would 
like to pursue higher scientific studies. 



d) The teacher element 

Science teachers have generally been more successful in teaching 
facts and in providing students with information than in developing 
the processes of science and promoting scientific thinking. They have 
cut for themselves a respectable portion of the school curriculum 
that is highly demanded for tertiary study and that purports to 
require relatively high aptitudes and skills when compared to courses 
in the social sciences or humanities. In spite of the uncertainties 
of science, the answer to a question in the science class is 
generally clear-cut; it is either right or wrong. The teacher knows 
his subject matter within limited boundaries and enjoys authority and 
a dominating position in the classroom. STS materials in the 
curriculum tend to threaten this prestige that has been enjoyed by 
the science teacher for long and to challenge the teacher's 
expertise. Furthermore, STS programs are not compatible with the 
interests and aspirations of many teachers partly because these 
programs do not seem to relate directly to the conceptual framework 
of the science disciplines. It may be considered demeaning to require 
the science teacher to tackle curriculum materials that can be taught 
as effectively by the social sciences or the language teachers. From 
another angle, the subject matter is so fluid and open-ended that it 
requires models of teachLng and approaches that are foreign to the 
science teacher and, for vhich, he has not been prepared. In light of 
this. It is natural to expect the average science teacher to resist 
involvement with STS. If forced, teachers may pay lip service to 
externally-imposed currir^jlar demands. Including topics in the 
curriculum does not guarantee changes in classroom instructional 
procedures to match the objectives underlying tlie curricular changes. 
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The preceding presentation points out the possibility that STS may 
diffuse the traditional role of the science teacher. Wilson as cited 
by Olson (1985, p. 302) notes that one of the consequences of role 
diffuseness is confusion and uncertainty. In talking to teachers in 
the U.K. \^o were using an innovative science project (integrated 
science) produced by the Schools Council, Olson found out that 
"teachers faced c dilsmna associated with the loss of influence they 
experienced i^en they tried the inquiry approach to science teaching 
which the project favoured." Olson pointed out also that most of the 
teachers faced problems illustrated by the following: did not know 
how to construe a discussion; were concerned of the absence of clear- 
cut evidence that their job has been done; problems related to the 
Liclarity of the syllabus, e.g., "the more teachers stressed how to 
think scientifically, the less they had to show for it"; teachers 
were faced with the prospect of teaching material not familiar to 
them; complaints were voiced from parents, eii5)loyees and universities 
for a variety of reasons with the result that headmasters began to 
withdraw institutional support for the project; and, finally, all the 
project teachers were accused of not preparing acceptable candidates 
for advanced level science. 

Some factors that hinder the wide adoption of curricular innovations 
and that touch the role of the teacher were described rather well by 
Shipman (1974) In th; following conclusion of his report on the Keele 
Integrated Studies Project in the United Kingdom: 

Every innovation requires more skill from teachers.... 
The pioneers and the enthusiasts they attract can mrice the 
innovation work, can produce the results that make early 
evaluations positive, and can serve as a seed bed for its 
spread elsewhere. But the spread of an innovation Involves 
increasing numbers of teachers who lack the skills and the 
enthusiasm of the pioneers. The promotion prospects of 
involvement in an innovation are also rapidly exhausted and the 
ambitious soon look to the next bandwagon. The result is that 
an apparently successful innovation in the hands of the few can 
fail when generally adopted or diluted. 

To conclua^ tliis section, it ought to be stated that, in addition to 
the need for inservice teacher programs revolving around STS 
programs, the new generation of teachers should come to the classroom 
well-^equlpped with the Information and the skii.xs that are needed for 
the appropriate teaching of STS materials. Again, an encouraging note 
comes from teachers' associations, as the NSTA 1984 statement 
entitled "Standards for the Preparation and Certification of 
Secondary School Teachers of Science" stipulates that the program for 
preparing secondary school teachers of science shall be designed to 
develop aiTiong other objectives "a breadth of scientific literacy 
which includes not only subject matter knowledge but which also 
incorporates (a) applications and implications for action, (b) 
prediction of consequences, (c) analysis of value Involved, and (d) 
responsible decision making." 
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e) Unfamiliar teaching models and approaches 

Teacher tend to teach the way they leamed. According to Bolster 
(1984), "teachers' knowledge of teaching, once achieved, tends to be 
highly resistant to change." Teaching of STS mateiials calls for a 
wide variety of approaches and skills that are unfamiliar to the 
average science teacher and that are different from methods usually 
utilized in teaching science disciplines. In STS classes, teachers 
are called upon to be managers of coinmmicat-.ions - guiding 
discussions, sieking alternatives and clarifying them, evaluating 
points of view, helping students to examine the pros and cons of each 
alternative, weighing the expected consequences of actions based on 
the different alternatives, etc. Teachers need *o acquire debating 
tactics and learn the art of how to monitor d' ussion flow and to 
encourage group interaction. The requisite instructional strategies 
are quite varied and may involve the following singly or in different 
combinations: guest lecturers, library investigations, comnunity 
surveys, debates, mock parliament, simulation games, role playino, 
field trips, critical analysis of print and electi-onic journalism as 
aa example, problem-solving, acti.ities that train in decision- 
making, etc. 

Many questions are faced by the teacher as he is involved in teaching 
STS materials. These can be illustrated by the following: How can I 
develop the students' awareness of the consequences of certain 
specific developments In science and techno io^v? How can I make sure 
that a balanced point of view is presented and maintained in 
discussions and that both positive and negative sides of an issue are 
presented? How can I maintain class discipline and, at the same time, 
encourage arguments? Should I express my own point of view about 
issues? If I do, \rt)uld some students try to side with me on 
controversial issues, either during discussion or on examinatio..s, in 
order to gain my favor in the form of grades? These are troubling 
questions especially to the novice. Discussions may become very 
touchy and sensitive when they deal with valuos, mores, noms and 
beliefs. In some of the issues that are likely to be discussed, the 
teacher and each of his students may have a certain meaning of events 
stenming from previous experience, peers, the home, TV, etc. - 
meanings which are products of social interaction. Proponents of STS 
education are apt to be gratified if as a result of discussion of 
ideas, conmitment is built because ideas are being reformulated 
through the process and discussion represents group effort in 
understanding and applying the new idea (Crandall, p. 27). 



f) The nature of the STS materials 

One goal of STS education is to prepare science and technology 
literate citizens for the vrarld of tomorrow. This is done through the 
identification, review and analysis of real-world problems related to 
science and technology and spotlighting the interactions with and 
impact on society. More often than not, the emphasis seems to be on 
the negative and problematic effects of technological developments on 
society. STS education covers a wide variety of topics including 
history, philosophy, economics and politics and it is taught from 
many different logical and ethical points of view. "For most of those 
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who 2 J involved in it, STS education must seen as varied in its 
goals, scope and methods as science itself..." (Ziman, 1980). 
In STS education, content, goals, standards and norms are still being 
developed. Because of the fluid nature of STS issues and materials, 
these may never crystallize. Unlike the science disciplines which can 
be taught through more or less a universal content, priorities of STS 
topics may vary greatly from one region/country to another. Topics 
found is STS curricula can cover a wide spectrum and can be 
illustrated by the following: insecticides, carcinogens, improved 
strains, biotechnology, medical engineering, lasers, v;ar technology, 
nuclear reactors, solar energy, energy conservation, management of 
resources, preventive medicine, disease control, abundance of food 
supply vs. famine, pollution, smog, acid rain, toxic waste disposals 
and sewage disposal. (Searles, 1984). 

The lack of a clearly defined syllabus creates significant problems 
for classroom teachers and for students. Teachers lack the means of 
evaluating the progress of students in a tangible manner and students 
do not know how to prepare for examinations. As mentioned in a 
previous section, in sor.e schools technological issues are discussed 
in the social sciences class or in the language class. One teacher of 
junior high school English in Pennsylvania uses an interdisciplinary 
approach in her writing class by assigning students to write papers 
on topics such as the use of animals in laboratory research. The 
students love it, she reports, but the other faculty members thinx 
she is out of bounds. (Rothman, 1987). 



g) Lack of scarcity of textbooks and instructional materi als in the 
STS tielJ 

Certain materials have developed as part of the experimental drive of 
many pioneers in the field, for example, Ziman in the U.K. and 
Aikenhead in Canada. Yet, to a large extent, the classroom teacher is 
far from having instructional materials that will enable him to give 
a sound STS course. Some may ai:gue that the nature of STS education 
does not lend itself to the limitations and boundaries of a textbook. 
Be that as it may, the fact that materials are not on the market and 
are not easily accessible to teachers is another deterring force 
hindering wide adoption of STS education. From another angle, the 
wide variation ot topics that are to be covered makes it particularly 
difficult to prepare materials that are relevant in different 
countries or different regions within a lai:ge country. The situation 
is likely to change when generous funding backs the production of STS 
materials or the STS enrichment of science discipline textbooks. 



h) Position of conmunity and interest groups 

A number of problems may arise when controversial issues become an 
everyday classroom affair. Students with different backgrounds 
arguing about issues under the same roof are very likely to continue 
these discussions at home and elsewhere in the comrainity. Problems 
and misunderstandings are likely to surface and differences of 
opinion to be voiced inducing uncalled-for reactions from a variety 
of sources at h<»ne and in the canmunify if not from officials. 
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CGnmunities and governments have traditionally expected from teachers 
behaviors and judgments which fall in line with the predominant 
cultural values, mores, beliefs and practices, this sensitive 
cultural heritage poses a deterrent against teachers' involvement in 
discussions of controversial nature in the classroom or in school. 
Some ccmnunities and governments may not welcome an outlook v^ich 
pre'^upposes that norms and attitudes are subject to change in light 
of lational thinking and evidence. Even in developed countries like 
the U.S., some communities oppose certain teachings about evolution 
and get the backing of courts to ban certain books from school 
libraries. 

It has often been sci(^ that the images of desirable society are 
circumscribed by th'i image maker's cultural background. Although 
human experience tends to be unified by the spread of technology and 
the unity of science, scientific and advances and approaches are not 
necessarily welcome in all cultures and places. There may be a 
contradiction between a specific culture and the estiablishment of a 
viable scientific policy. Some developing countries consider that 
their heavy reliance on iinported technology has caused them more 
problems than it solved. Tnus, the posits of communities and 
interest groups towSiids STS issues may vary widely from one culture 
to another. 



Conclusion 

The barriers to the process of innovation have been generally 
classified into four categories of value, power, practical and 
psychological coni:lict. It will be interesting to go through the 
exerecise of trying to sort out the problems raised in this 
presentation with their subdivisions within these categories. 
Innovation always involve objectives that in the case of STS may 
touch upon special political, social, or economic variables. The 
Ministry or Department of Education, the politicians, universities, 
school officials, teachers, parents and students - all share power in 
one way or another in running the schools and in shaping the 
curriculum. Does the introduction of STS involve any power 
redistribution? Are the teachers being involved and convinced or are 
they being coerced? With resp*.*ct to practical conflicts, many of 
these are reflected in the paper and they need to be resolved if STS 
is to expand and take roots as an educational movement. With respect 
to psychological factors, it will help if school administrators and 
teachers feel that changes originate with them or, at least, if they 
are part of the decision. This is difficult to achieve in centralized 
systems but, even then, teacher groups may be represented in 
decision-making meetings. Teachers have to be convinced in order to 
accept change and cooperate. 

Crossley (1984) points out that alternative educational options which 
pass with little criticism when practiced on a small scale may face 
great opposition when atten5>ts are made for their widespread adoption 
or extensim. With respect to the introduction of STS education in 
schools, several questions may be raised such as: At what school 
level is the teaching of STS issues optimal regardless of other 
considerations? Shouldn't the student possess certain fimctional 
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knowledge of science and technology in order to benefit from and 
contribute intelligently to discussions of societal issues? What type 
of STS materials are in the domain of science and are best taught by 
the science teacher and what types are best taught by the teachf^r of 
social studies or language or civics? Can the science teacher who 
generally failed to achieve the objectives of promoting scientific 
and critical thinking through teaching the science disciplines 
realize these goals and the inculcatio" of scientific attitudes 
through STS teaching? How can teachers inplicitly or explicitly 
refrain from inducing their own values, beliefs and preferences into 
the teaching- learning process? 

In the process of teaching, teachers are forced to make numerous 
decisions related to classroom management - sequence of presentation, 
whether to give an unannounced quiz or not, to lecture or to discuss, 
what type of disciplinary action to take, to use verbal directives or 
silent cues, etc. Teachers' decisions are based on predictions from 
experience of anticipated consequences or most probable consequences. 
Con^are such decision making with the relatively awkward situation 
when teachers may have to take an implicit or explicit stand 
regarding environmental and societal issues related to science and 
technology - issues involving acid rain, nuclear plants, nuclear 
warheads, specific genetic engineering problems and the like. 
Teachers are forced to lead discussions in these issues, follow new 
approaches in teaching and tread unfamiliar ground. 

There are differences in outlook towards STS issues in different 
countries. For example, science and technology may be unpopular among 
certain sectors of the population in different coimtries for their 
role in destroying simplicity of life and in creating environmental 
problems. As mentioned earlier, STS curricula are not as universal as 
the traditional science disciplines because problems and values are 
not the same worldwide. It could be that the models and approaches of 
teaching are the same but even this may be subject to ouestion. 
Discussion and debate and challenging the teachers are not likely to 
be favored in an authoritarian society. In some other countries, it 
may also be taboo to subject certain cultural issues - religious or 
political - to the dissection table. Officials in some countries may 
have their reasons for not wanting to open up wide debate in schools 
and universities on topics that come under STS because the process 
may end up criticizing prevailing conditions and threatening the 
system and tlie er-tablishment. Uyton et al. (1986) refer to science 
as a '*»i!ulti-faceted resource capable of serving both conservative and 
radical puiposes. At one extreme it v/as used to confiiro religious 
beliefs; at the other, to undeiroine them..." 

In the Technology Literacy Conference referred to earlier, "many of 
the science educators aclaiowledged that institutional barriers, such 
as teacher resistance and tests and textbooks based on the 
traditional curriculum, stand in the way" (Rothman, 1987). However, 
it is possible that the problems will be overcome as more and more 
leaders in education give active support to the STS-style curriculum. 
Evidence of such increasing interest and involvement may be detected 
by the participation in the Second Technological Literacy Conference 
i/hich revolved around STS university presidents, outgoing and 
inconing presidents of NSTA, chief education officers of the AAAS, 
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and participation of education department officials from some states. 
It IS also interesting that the National Council of Teachers of 
English was one of the sponsors. 
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Abstract 

;h;Mi:"': P»*esented. ExeTiinations centereron this^DrincIo?! 
should test for skills in information gathering" sSs s aSd 

Introduction 

..rtur^MnnffT^*! reasons, science and technology curricular at all 
educational levels are under attack. Politicians, esoeciall/in 

? r e n lV':r L S?3/f' "'r-" opportunities have called 

L?« „r»„^!l <='"^r <="1"^ to replace those curricular designed to steo- 

to LeT?h I c7l' ennP^K^"'""'"" "-"^ Prcgr^^ es g ed"^ 

*f,-S^ro/f21h *=f''"^"9« have, as . central theme, the interactions of 
based (sJs" „°^o''"? ? wh'ch h2y are 

ci;lTii* developed societies, scientists, technologists and 
some special interest groups faced with electorates which are lef St 
InX?"^ of ""Clear war nucfea cowe 

P e s d"' 2 " „?e75?sn' o" P»""''-o".or populatiin''nai! L nT llave 
;»rh„«io„S '"terd splenary courses which expose pupils to science 
lil ^rly C5-8]. Although most of the |«?Iinq 

STS programs appear to be in the formative stage and sharp cMHciL 
rll^A'" ^''V^' ?" -^he recept on of Z^e concept of 

nZlLr sf'ence/technology/society education by pupils. 
profess ona and governmental groups is generally warm [8-13]. 
Professional societies such as the American Chemical Society are 
suppliment ng these efforts with public science and tKhnolocJ 
educational programs on television, radio and print Ldia ^is]. 

,<.K o^ove reasons, there are other developments such as 

ftu^'^ l "J"'-?^ O" discoveries at the interface of cIr aiK 
mitigate subtly in favor of interest in STS. 

fr,rtif?);„ifM!!''*^''""^ "-'sgivings have been directed to the 
traditional practice of compartmentallized teaching in which pieces 
of human knowledge are solated and labelled chemistry, physics! 
biology, economics, ethics, mechanical engineering etc and taught as 
such to generation after another without due reference to the 
interactions and implications of knowledge in one compartment to that 
in the rest. Although, such compartmentallization is a useful tool 



In the efficient and effective management and connunication of the 
vast amount of knowledge human activity has generated, its 
fragmenting effect in the process of intellectual activity may have 
undesirable consequences when real. To gauge the progress in science 
and tec.inology. the chemical abstract service published by the 
^CiS?! Society offers a prime example. For 65 years (up 

to 1971) chemical abstracts service published a total of 5 million 
abstracts of chemical and related research articles and patents [16]. 
but withing only 13 years thereafter it published another 5 million 
abstracts. With this being typical of other areas, even further 
compartmentaUization should be expected in the future. The task of 
STS courses therefore, is not to abolish the compartmental bourtdries 
but to develop skills which will allow pupils to make bridges between 
them, thereby utilizing the full human potential in exploiting mother 
nature and fruits of intellectual activity for survival. 

At the 3rd International Symposium on world trends in Science 
and Technology Education, I described briefly how Tanzania was 
developing 3TS-type chemistry courses while maintaining a rigorous 
chemistry curriculum at the secondary school level [2]. In that 
report, I mentioned briefly, the problems we were facing with setting 
examinations in the STS-type courses which were making their way into 
the curriculum. In this report, I shall eleaborate on my experience 
and views regarding tests and examinations in STS courses. 

Examinations and STS Programs 

Examinations are important in curriculum development, th^ boost 
the prestige and status of the curriculum among teachers, pupils, 
school administrators and parents, especially when th^ demonstrate 
that the candidates are learning and understanding important concepts 
and skills. Examinations influence the w^ courses are taught and 
the concomitsnt conceptual and methodological ©nphasis. If a course 
is not examined, it will not be taken seriously by most people even 
If its benefits are invaluable. Examinations are therefore a 
teaching, learning, evaluation, and public relations tool in 
curriculum implementation.. However, these important roles are well 
played if the examination items are of good quali^ and clearly 
targeted to important principles and skills the courses seek to 
Impart. 

In order for STS courses to be taken seriously, they have to 
find themselves a place not only in the curriculum but also a 
respectable one in the examination system. It is encouraging that 
this has began to take place too [2,17.18]. When setting 
examinations on STS courses, one attempts to identify concepts, 
principles or skills which are STS in nature. Quite interestingly. 
STS courses can not be compartmental 11 zed in ways chemistry or 
physics are on the basis of the uniqueness of its principles, 
concepts or skills needed to master an STS program. Concepts covered 
under most STS programs are those founa in chemistry, physics, 
biology, engineering, political science, civics etc. [1.2.6.17-19]. 
But the distinctive feature of an STS program Is the principle of 
perceptual continuity which allows all aspects of a concept to be 
studied without regard to barriers established by the 
compartmental lizati on of knowledge. STS programs therefore do not 
cone with new concepts in schools but brinif with them a new pedac^ot^y 
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which cultivates skills for performing intellectual processes and 
survivalistic manipulations of mother nature in a perceptual 
continuum. Under SIS, students learn skills needed for making 
bridges from one field of knowledge to all aspects of human culture 
and this is the core of good SIS examinations. STS is not a new 
science or branch of knowledge but simply a strategey for delivering 
science and technology education in a way that forestalls the 
compartmentallizatioo shortcomings mentioned earlier. 



Testing Concepts and skills in STS 

To throw further light on the principle of perceptual continuity 
as a guiding light of STS courses and examinations, let us consider 
the concept of human reproduction. The scientific fact is that the 
reproduction process (procreation) begins when a sperm fertilizes an 
egg- no regard to where this occurs i.e. in a womb (rented or 
otherwise) or laboratory dish. Technological facts are that the 
process can be mediated by human activity to facilitate it if 
fertilization encounters difficulty or stifle it if postponement of 
procreation is desired. In the latter case even if undesirable 
fertilization occurs, the technology to terminate it with a 
reasonable safety margin exists. The social facts are that sexual 
intercourse the commonly used route to fertilization is also used for 
recreation, the expression of mutual affection, love and collaterally 
as a source of income irrespective of whether procreation is desired 
or not. The other social facts are that there are laws, 
constitutional guarantees, religious opinion and value judgements 
regarding the practice of sexual relations and its attending 
consequences. 

When the human reproduction concept is taught as an STS course 
all these aspects must be covered. The coverage should not just be 
limited to factual scientific, technological and societal issues 
knowledge, since in fact these are available in a liberal biology 
curriculum. But students should be trained In information gathering 
Skills, such as chosing and reading a variety of good literature on 
the subject, carrying out interviews with experts, interest groups, 
parents, students, professionals and religious personnel. They 
should be trained in separating matters of scientific facts (i.e. 
knowledye aquired by the method of science) and beliefs. They should 
be trained in synthetic and analytical skills so that they nay 
examine antagonistic and complimentary relationships between issues 
of sc^ence/technology/society. Using the information gathered and 
their analytical and synthetic skills they should be able to take a 
stand (whatever) and defend it using the scientific methodology. 
They should be trained in communication and persuasive skills both in 
writing and speech. They should be trained in the identification of 
avenues of action e.g. writing or telephoning their legislators, 
putting up posters, form, join or support interest groups etc.. 

For examination purposes therefore we are not only interested in 
factual information but also in a demonstration of familiarity with 
the above mentioned skills with which students bridge all aspects of 
the reproductive concept. We are not interested in what stand or 
action a candidate decides to take, whether it is for or against 
contraception, for or against bonding abortion clinics or burning 
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bath houses or prostitution centers. But rather at mr»minm^ . 
«ln "oJ'S^f?^::*'*'^?"" ""^^""s- .Sl^str?ea ng'lo ?s" * 
1\rT.n*Uf^°^l^ ^ °" dentonstrates Mstery of the relevrnt facts 

J^eJIart 1 exa^? * take co«r 

o«rM?<o<^,. "■"J"*""' itws to avoid controversial confrontations 
2ill e^coS W ?tS^°'\* r^r'^H" judgewnts. Factual examination 

i^nT:fLL^in"s''^rs^^rLu'^^^"r 

l^Xt ^ i:ige=?a"tl5.""^''"^ ^"^ SCtlSI??^ Importance 

-i^S^iveT^^^^^^^^ 

as5<«lL![t'!.?.T°'"i" canOidates effort continuous 

assessntent plays an important role. Ttiis is done by the twch^r ?n > 
school right on the spot. The student gets finback and has 2 ^hlnJ 

TSe'^afn'^r^M^P'^^S "'^/U^^'lf Xeforl leaving tSe ItS prog^aS^ 
Tne main problem with continuous assessment is the variabiHtv of 
teachers taste for quality of student responles. especia I if 
examination results are used for career placement- bSt tS i JvhP 
taken^care of by statistical techniques SiirSStiSnSl'SiLi^it'tons 



.0 exS ^"^h?c'ei?rj?%xira;?^^ riSoSfdrtJSirj^t^s" 
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Pre^Uni-ersity Education System 

Primary school education (P1-P7) starts at age 7 and covers s 
seven year period. Secondary education (S1-S6) starts at age 14 and 
covers 6 years. Less than 5X of the P7 graduates are enrolled in 
secondary schools (S1-S4) on the basis of a competitive examination 
and a quota system, t^ile about 18X of S4 are later on enrolled in S5 
on the basis of a competitive examination. University entrance is 
open to qualified S6 graduates and is based on. good scholastic 
achievement on the S6 final examination or equivalent 
qualifications. The complicated system Involving 2 years of working 
experience, recomnendaitons from the employer and the ruling party 
local officials [1] was dropped. >V paper dedls with S1-S6, and fits 
in research and development. 



SCIENCE AND TECHNOLOGY EDUCATION WITH A FOCUS ON VALUES 
AND ITS IMPLICATIONS ON QUALITY OF LIFE 



Dr. H. Kalra, Professor of Education 
National Institute of Education 
Sri Aurobindo Marg, New Delhi-110016, India 



We sewn to be essentially confronted with "Cultural Contradiction", for 
we have created and are perpetuating in the schools a society which con- 
flicts with out humanness and which may produce unintended consequences. 
This mutual contradiction is manifested in the tension which exists be- 
tween cur humanness (the need for self-actualization) and the demands of 
a complexity of formal organization. The dilemma seems to be whether or 
not man will dehumanize himself through the creation of a technological 
environment and its consequent social arrangement. This cultural contra- 
diction is also paradoxical in that the immense promise of happiness 
and 'well-being* inherent in the industrialized technological society 
comes at the expense of humanness for the number of that society. Meta- 
phorically stated, to our great God Progress we must sacrifice our human- 
ity in order to receive the fruits of happiness it has to bestow upon us. 
The God Progress, with his angelic aids Industrialism and Technology, 
demands that we develop a 'one-dimensionality* in our efforts, and that 
we above all else dedicate a large portion of our energies to producing 
the high priests of scientists and technologists and their supportive 
personnel . 

In the opinion of the author, there is a great danger in science as a 
singular values system, for if the weakness of non-industrialized nations 
is their resistance to -scientific thinking, then there has been equal 
stubbornness on the western scientific thought to be over committed to 
technology. The western attitude towards science education concerning 
developing countries is exemplified in the following paragraph. 

If we could teach the uneducated peasants* chil-ren to think logically, 
that is scientifically, to bring them into the 20fh Century and get them 
to abandon their obviously unsuccessful peasant custom they would be bet- 
ter equipped to handle the problems and live more productive lives. 

The trouble with this type of thinking however, is that there is enough 
truth in it to validate the demands for more technological education, 
but also enough over simplification to trap the wary into believing that 
indeed technology is a complete system of thought and therefore the key 
to solving developing countries* problem. 

Thus, the introduction of newer curric»ilum in science (emphasizing theo- 
retical science and western scientific values) like CHEH study, PSSC, 
BSCS from the United States does not solve the problem of science educa- 
tion since not single curriculum seems likely to meet the needs of rural 
students from developing nations. These may cater to the needs of the 
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urban students, however, it appears that something further is needed to 
meet the needs of rural people. In the opinion of this author, rural 
students in developing countries do not need a theoretical science 
course, but, a practical science course related to students' daily lives 
and their values systems. 

Importance of the integration of developing countries values with west- 
ern values in science education has been described by the educational 
commissions of various developing countries. For example, the above con- 
viction has been substantiated by the Indian Education Comnission in th« 
following paragraph: 

If science is to be pursued with full vigour and renaissance, 
it must f'-rive its nourishment from our cultural and spiritual 
heritage. Science must become an integral part of our cultural 
fabric. It is possible that when science takes root in native 
soil and is no longer an exotic plant, its growth pattern may 
be visible influenced by those features which have been char- 
acteristic of Indian Philosophic thought and civilization. 
Part of Science's 'fashion* may be set by us reflecting 
Indian ethics and values judgements. Let us also rer.»ember that 
thinking and creativity has a considerable amount of the pre- 
conscious. 

No stretching of ideas of science should therefore lead peasant culture 
of developing countries lo conclude that their entire past life has been 
a lie and that their value system must be entirely replaced by one from 
an alien culture. It the idea of science can b? comprehended in this con- 
text it means an extended dimension to their modes of thought. Only then 
can the people of our developing countries be free to accept the idea of 
a scientific literacy and not fear domination by it. 

Coming to the specifics of this paper entitled 'Science and Technology 
Education with a Focus on Values and its Impli:ations on Quality of Life' 
It may be imperative to discuss the primary aim of science and technology' 
education in the developing countries especially in rural schools at the 
secondary level. 

The primary aim of science and technology education in schools in devel- 
oping countries snould be to serve the future, i.e. to provide the 
students with knowledge as a tool for the improvement of their own living. 
The designed curriculuri in science should have a practical application 
in the student's daily life in order to meet this aim. 

Thus, the new system of science and technology education should enable 
young students to develop skills and acquire knowledge which will pro- 
duce a better way of life for them in rural life, which will make it 
possible to lead the students to the discovery of knowledge. The science 
and technology programme should be aimed at raising the level of scientif- 
ic knowledge, skills, and attitude of the students to allow them to be 
more productive In their home environments. 
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All this above discussion implies a new perspective for science and tech- 
nology education in the school system. SEABORG aptly suggests that the 
new perspective of science and technoloay education should be to humanize 
the focus and feelings of science while at the same time organizing and 
rationalizing the forces of humanity. This suggests designing of a 
science and technology education curriculum in schools with reference 
to human values and social problems so that they will be more relevant 
to the needs of people. 

Unfortunately, the perceived needs of society have not been the actual 
needs, as we are becoming painfully aware. To satisfy the actual needs 
of people involves a radical reformation of the process in which chil- 
dren become adults, for, it seems to me, the conflict between our human- 
ness and the pressuras of our technological organizational society must 
first be resolved in the schools. We roust, so to speak, make the schools 
relevant to the human values. 

However, the author realizes the importance of science and technology 
education in reshaping their future in developing countries. 

The author's above conviction is substantiated in the following para- 
t»raph: ' 

Technology is the means by which man adapts the environment 
to suit his needs and by which became and remains human. 
It is an attitude of mind which has now evolved into an 
intellectual discipline, confining itself to no specific 
area and using all other disciplines to achieve its ends. 
As an element in the school curriculum it provides a method 
for the solution of problems, and enrichment for individual 
subjects and a link relating them to life and to each other. 
It is concerned with the practical activities and the steward- 
ship of the real world and by confronting pupils Individually 
and In group work, with Ideas and first-hand experiences that 
are of immediate relevance to life. It helps to match theory 
with practice. 

Concerning quality of life. It may be worthwhile to menclon here that 
there are several essentially different dimensions of reality which every 
individual must learn as part of his general education; that each of 
these dimensions is closely related, even intermingling In some spheres 
but essentially different at the core and this requiring different ways 
of thinking to describe and comprehend them. That to properly evaluate 
all human experiences all of these modes of thought may be called into 
play depending upon the problem at hand. For instance: History Is crucial 
for past experience furnishes far and away the most abundant data fro'2 ' 
which we draw our daily judgements. In the individual sense this means 
merely memory, but for the community which Is concerned with time periods 
longer than a single life span, the formal discipline of history is im- 
plied. The contribution of the fine arts cannot be dispensed with for 
they make us conscious of our emotional reaction to events and also pro- 
vide racarious experience far beyond our ability to actually have those 
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experiences in the course of our real lives. No emotion is more influen- 
tial In effecting our behaviour than that of actual experiencing of an 
event. 

The idea of science and technology is, of course, infused into both of 
these other modes of thought but only for the purpose of furnishing 
objective data. Here it is the machinery of the universe, or simply its 
physical operating mechanisms that we hope to comprehend. This aspect of 
the world is explained by the workings of atoms and molecules and their 
sub-parts. It is because these basic particles are internally inter- 
related to one another like the gears of a clerk, one driving he other 
that a blue print can be made of their operation. And once a sut of con- 
ditions are described or set up we learn that cause effect relationships 
are as sure a:^ one dear driving another. 

Finally, how are we to find meaning in our lives, formulating long range 
goals to free the individual from the tyranny of day to day experience: 
be motivated to overcome apathy and fears; change and grow toward the 
goals that somehow sustain us during difficult moments? The ability to 
speak out, call men to action, the necessity to evolve toward those 
ideals, to establish the hope which sustains us through the tension, 
despair, frustration and sacrifice demanded of a people working to re- 
generate their nation is as necessary as the engine of a motor car. 

The driving force of idealistic beliefs, the language of persuasion, is 
the final link for no thought has meaning unrelated to action! This 
phenomena is as old as history - the ancient Greeks called it rhetoric. 

"To speak", wrote Professor Rosens tock-Huessy, "means more than 
be a scientist or a poet or a demagogue or a narrator. It means 
to insist on the essential unity of all these four types of 
language. They all are needed, they all interpret each other. 
It is nonsense to believe that the scientist or the historian 
or the politician or the poet alone can know the truth. The 
truth is in a man who can speak all four languages with sincere- 
ty - ... and who does not disrupt the unity of speech by running 
away into a merely scientific, a merely poetical, a merely 
petrified or a merely revolutionary language." 

The above conviction suggests a triangular relationship and a meaningful 
interaction among the three components: Science, Human Values, and 
Technology, 
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Paul de Hurd dptly summarizes the above discussion: 

Science provides knowledge. Technology provides application of that 
knowledge; and our value concepts guide what we oi'ght to do witr both* 

Conclusion: 

It Is the writer's hope that the above discussion tn<»y serve to encourage 
all concerned to think, organize and strlva further together towards 
helping studenw In developing countries think, discover and contrib- 
ute to scientific knowledge. 
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GAMES, SIMULATIONS, AND ROLE-PLAY AS TE/.niXNG STRATEGIES 
FOR STS: SCIENCE, TECHNOLOGY, AND SOCIETY 

Kevin Molyneux (Cabraiitatta High School, New South Wales, Australia) 



Intro due tlon > 

In recent years ithere have been oore and 
more references in the Ill;erature concerning the use 
of games, almulations and zole-^play in education and 
partictilarly in science education* These literature 
references have included articles, science textbookSf 
commercial games* syllabus statements and even special 
journals and periodioals* 

One might well wonder how games, simulations 
and role-play originated and arrived in education 
generally and in science education in particular, why 
they have been used 5 and what have been the outcomes* 
This paper attempts to answer these questions briefly 
and in particular to outline the advantages of oising 
games, simulations and role-play in STS* 

What are games « simulations and role-play ? 

There are sorxous prooxems involved in 
this area when one searches for ox* attempts definitions 
of these three activities*Pirstlyetherft is such a very 
great range of activities ^mdt;r these three headings of 
gaaes , simvdations and role-play;and secondly*many 
authors have taken such words as "game*',"simuiation*' 
and*' simulation game*' to be the same*Add to this the 
even more recent advent of computer games and simulations 
and it is easy to comprehend the difficulty of definition* 
In practical terms, it is often best to take the meanings 
froni th^ context of the author. 

In ny own case.I have the following 
operational definitions that u use in my teaching ,and 
these definitions are the ones I will use in this paper* 
I tend to use the word "game*' for such things as playing 
cards .hangman, crosswords, and simple board games.often 
used for revision purposes; by "simulation**, including 
"simvtlation games*', ^ mean such things as chess and 
monopoly, where strategy is involved, as well as such 
things as simulated excursions or health clinic; and by 
"role-play, I mean the playing out of a sitxiation or 
topic where people play a role but there is no script, 
such as the Uraxii\sii debate or Handom Breath Testing* 

Where did games j, simulations and role-play, come from ? 

Initiallytgames seem to have been played 
by people all over the world in all ages, with many games 
having originated from facets of everyday life. Perhaps 
games are simply an extension of playt and indeed this 
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unlveraalltT of games and play might suggest that games 
and simxaatlons are a desirable, if not inevitable, 
vehicle for educators* since young people perhaps more 
than anybody are the inheritors of ^he game and play 
tradition* 

Howeverithe deliberate use of games and 
simxaations in education as a strategy of teaching and 
learning rather than as entertaic-nent or an addendum 
is relatively recent^Despite the idea that games and 
play could be of value jn education going back as far 
as Plato. the recent use of games and simidatiorjs in 
BChools aid not spring from this theoretical source. 
Bather, the route taken by games and simulationis into 
education aeems to have been vi,a war games of the 
aalitaxy and then through business and politics into 
Bocial science education.Then, from this social science 
background, games and simulations arriv<»d in science 
education relatively rccently,at least judging from the 
dates of production of commercially produced games, 
articles on games in science teaching journals and 
research articles on games* 

science education, one 
could surmise why grimes and simulations were not used 
earlier and what in the educational climata has enabled 
their use to be implemented.Perhaps the very fabric of 
science teaching did not lend itself to games an<l 
simulations earlier.That is. science teaching in the recent 
past seemed to have involved escperimontation as a real, 
factual coverage of what scientists are and do and maybe 
this did not aid the advent of simulation techniques. 
But.with science syllabi changing to emphasise the more 
social aspects of science,it would seem reasonable that 
science teaching would be more receptive to games and 
simulations which had already arrived in the social 
sciences. 

Alongside this tendency to more social 
aspects of science there has been the trend to an 
increase in the active participation of students in 
1 essons. Again, thi.s can be traced in syllabus statements 
or late, where teachers are encouraged or expected to 
emphasise such thlvs^c as individualisation,u3e modem 
technology,giye students other activities or experiences 
besides experiments, and generally change their role, 
particularly in a more "i^rocess" approach to science 
rather than a "Content" approach. So, it is not hard to 
aee why science teachers nave become aware and more 
interested in such strategies as games and simulations, 
since these seem suited to the syllabus approaches. 

What cla ims are made for games. simulations and role^'Play ? 

_ ^ ^ In my survey of the research literature, 

I found numerous claims for games and simulations. But. as 
in other fields,the majority of claims were not borne out 
J>f the research findings.lt is also worth pointing out 

most of the claims and the research dealt, as one 
jnns*it expect, with the social sciences. 
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Bearing in aind these provlaos.from all the 
stmreys over the yeaxs.it was reasonable to state three 
generalisations with some confidence about this field of 
study* These were that.coapared with traditional teaching 
Methods, games and simulations were i) no better or 
worse in general student learning; ii) auperior In 
Increasing student motiration' ana intereS; iii) «till 
In doubt concerning changes in student attitudes ♦ 

However, alongside this simple summary, some 
mderlying and important points should be made.Firstly, 
the range of games. simulations and role-plays is so idde 
that care must be taken in extending clalma and findings 
to all of these activltiest and secondly.a point stressed 
I '^J^^^i^searohers and teachers, research In this area 
should be concentrated on finding what these actiflties 
especially do^rather than cajKrying out coaqparative work 
and trying to find out how games, simulations and role- 
plays compare to more traditional teaching methods^ 
_ Wy own research tends to support these 
findings. I have theorised that games, simulations and 
role-plays He In the same area as practical work, in that 
the active nature of the exercise appeals to students. 
Further,! have theorised that games , simulations and rcle- 
plays.as an extension of the teacher variable.inf luence 
positively the classroom climate through active 
involvement of the students in an exercise involving 
group dynanics and this leads in turn to more popular 
xessons . 

What can games | simulations and role-plavs do for STS ? 

TT7 yi}^^^^ *tiere are several things 

that these activities can achieve for STS. Indeed, since 
these activities came from social science into science 
education,as outUnec earUer In this paper,it seems 
reasonable that games, simulations and role-plays should 
sit quite comfortably with STS which stresses social 
Issues* 

At the outset,! would point out t:hat a 
curriculum change of itself tends to make little or no 
difference in the attitudes of students towards science. 
Perhaps the best illustration of this is the P.S.S.C. 
aysics course in the U.S. where Physics enrolments 
dropped despite the new curriculum. ! would contend that 
^^£°r-^ ? similar negative effect on student 
attitudes, especially if STS r^re to be taught in a 
J ^J7°°4 WfWith students largely in a passive 

course.is suggesting that teaching methods 
and strategies should be considered alongside anr 
curriculum change. ^ ^ 

So,! <3i» suggesting that STS can gain in this 
way.It seems reasonable that a teacher of STS whc. \ises 
a vailety of teaching techniques, some of which could be 
games, simulations and role-play and other strategies to 
ffi^c students more active, will tend to create u mely. 
stimulating classroom climate which will be perce^/ed 
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by 8t\ident8 as being more enjoyable.In this way,students 
will have a aore positive attl'cude towards STS. 

Another way that STS gains in this area of 
games and simulations is concerning the researcticAs 
pointed out earlier in this paper,aost of the research 
on games and simulations has beea done in the sedal 
sclenceS|and therefore »ost flndlngfi from research re* r 
to social science education.^y its very nature,STS has 
this social side to it and so thG research done on games 
and simulations could be said to relate more to STS than 
it does to science education itself* 

Syllabus changes can also relate STS to games 
and «ittulations«?or example. in New South Wales recently 
we moved to an Aims-based, student-centred syllabus in 
science fo*.* years 7-10.Within the syllabus and the syllabxis 
sxxpport documents it was clear that teachers were expected 
to use a variety of teaching methods and to make apparent 
the social relevance of science«Further,at a recent 
conference.organlsed by the N.S.W. .Department of 
Education, the entire content section of the syllabus was 
easily cast into an STS frameworlc,which while not being 
mandatory was intended to aid teachers in their syllabus 
application. It was evident that simulations and role- 
plays easily fitted into this STS fraaeworlc as a vehicle 
for many of the teaching objectives, which involved many 
aspects of the quality of life. 

Summary. Games. simulations and role-plays are interesting 
teaching strategies that have found use in social «icience 
education and more recently in science educatlon.These 
strategies are claimed to promote student interest and 
aotivation,perhaps becaxise they involve active students, 
groiro dynamics, and a change in classroom climate and 
teacher role, These activities could be usefully employed 
in STS where student interest is desirable and where 
various teaching methods need to be adopted. 
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a) The educational system of New South Wales,An3tralla > 

In Australlatthe Federal goverzucent is 
largely concerned with University aud tertiary education. 
This leaves each of the States with responsibility for 
its own primary and secondary system*In the state of New 
South Wales, students begin school at Kindergarten year at 
age 5 and then move on to 1st year or Grade 1 through to 
Year l2«Student8 attend primary school until the end of 
Year 6 at about age 11, when * yj then enter High school* 
Students can leave the High school after Year 10,but can 
continue their studies into Xear 12«At the end of Year 
12, at about age 18,students Bit public examinations called 
the Higher School Certificate and the results from this 
are used to determine university entrance* 

b) My paper fits into the High school in the New South 
Wales system* That is, the paper fits into Years 7 - 10, 
where students study "Science** as a composite, compulsozy 
subject.as well as into Years 11 and 12 where students 
choose io study the individual disciplines of Physics, 
Chemistry, Biology, and Geology or combined general Science 
co\irses* 

c) A brief autobiographical note ♦ 

I hold -uLe following degrees and diploma 
Batchelor of Science(B*Sc*) in Chemistry j 
Diploma of £ducatiomDip*Bd) ; 
^!aster of Education (M*£d*); 
Master of Science(i:i*Sc*) in Chemistry; 
Master of Arts(Hons)(&l*A*(Hons*)) in Education* 

I began teaching in England, where I taught 
for 1 year before moving to Canada* I taught in High school 
in England.while I taught in both primary and junior 
High school in Canada* In Toronto, Ontario,! taught for 
2 years before moving to Australia , where I have been 
ever since* I have now been teaching in High school in 
New South WcJLes for the past 17 years, being Head of 
Science in my present school for the past^ years* 

My publications include several articles 
in our local science teacher journals, as well as numerous 
inservice papers, books of test items, and teaching aids 
for the New South Wales Department of Education and the 
Science Teachers Association* 
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AN INSTRUCTIOHAL STRATEGY FOR TEACHING SCIENCE 
ft TECHNOLOGY: THE ACID RAIN PROBLEM 

William E. Searles & Susan Van Putten ( Canada ) 



A nuaber of publications h«vt rectntly com into being 
deicflbini. in dttail, a varitty of ttachinf strattgies that 
•fftct tht traditionci approach associattd with scienct 
taueation. Such strattgits art bastd on sound instructional 
thtorits. cattr to tht nttds and inttrtsts cf studtnts and art 
rtltvant to ttaching sptclfic topics in particular tnvironotnts. 
Thtst difftrtnt instructional vitwpoints art txtrtaely useful to 
icltnct teachers who are receptive to new ideas and experiment 
with various teaching strategies. The purpose of this 
presentation is to describe an instructional strategy that was 
utilized in dealing with the topic of acid rain. 

Group Inv ettifatlnn of Acid Bain 

Acid Rain exists, its an environaental probleo. let's get going 
and solve it. explained the newspaper clipping. One of ay grade 
eight general science students had cut the article froo tht paper 
and drew it to ay attention. As 1 read aloud the story to the 
class their cotsents varied froa. "What's an acid?"| "The 
Americans are killing us"; to "Oh. its terrible, soon we'll have 
no water suitable for drinking". Although the students had heard 
of the tere "acid rain", they were unfaailiar with its aeanlng; 
however they were curious and enthusiastic to learn about this 
serious environaental problea. 

Our class investigation into acid rain parallels the nodel of 
teaching based on the theories of Herbert Thelen and John ^ Dewey, 
called Group Investigation (Joyce & Ueil. pp. 226-240). The 
teacher is not the source of inforeation but provides a classrooo 
envlronaent that is coapatfble with the process of inqul/y ar.d 
works closely with the students as a counsellor and supervisor. 

In our case, by analyzing the problea. the class decides on how 
to organize the investi;ation and gather inforeation. Finally, 
students report their results, evaluate the solution and their 
progress. As acre problees occur the cycle is repeated. To 
obtain a broad understanding of the acid rain problea each 
student agreed to read a paaphlet or article published by a 
governaent. A classrooa discussion on the readings led us to 
identify four problea araas associated with the topic: 
1. Sourct or Cause of Acid Eain. 
2- Areas of Worth Aaerica Affected and Why? 

3. Effect on the €nvironeentt (a) aquatic, (b) agricultural, 
soils, crops end forests. <c) huean health and tan aade 
structurts. 

4* Aaerican and Canadian responses. What is being dene to 
prevent further environaental deterioration? This general reading 
and discussion provided an overall picture of the various aspects 
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of acid rain and its tffccts on the tnvironitnt. It also htlptd 
the students decide on the particular area of th« problea they 
wished to investigate. 

Before breaking up into four groups ve established a few class 
rules. Resourc* aaterials had to be shared, no cutting out of 
aaps or pictures unless agreed to by al I other groups. An oral 
presentation would be required by each group at tha end of tha 
Investigation to share knowledge acquired. The highly scientific 
articles would be ay responsibility, as they wera too difficult 
for the students' coaprehension. I would pass out any important 
data to tha appropriate group. Where I would also obtain any 
■iter i» Is or equipaent required for group experiaents. A ten day 
tiae Unit was set for the preparation of the presentation by 
each group. The students then chose their own groups and began 
»n investigation into their area of concern. The ma}or findings 
of each group, now follow: 

Group l: Cause ard Source of Aeiri gain (What goes up aust cose 
down) 



Acid rain is now the aost serious pollutant in North Aeerica 
which is now experiencing its devastating effects. A aore 
correct tern to use is acidic precipitation as the pollutants 
fall to earth m two foras: Wet deposition : hail, sleet, rain, 
snow, and snog, and Dry depcsition ; the pollutants turn acidic 
after falling to earth by aixing with water. The tern acid rain 
is used to describe both of these aechanisns. Clean rain has a pH 
value of 5.6 which is slightly acidic due to the reaction of 
carbon dioxide with water in the ataosphere. Acid rain has a pH 
value of less than 5.6 (Still Waters p. 1 1 I. National Geographic, 
p. 6B0) with the noraal rainfall in the eastern regions of North 
America ranging froa 4.5 - 4.0. (At this point, the group 
discussed the pH scale). 

The ^purees of acid rain are sulphur dioxide (SO}) and nitrogen 
oxides (NO.) released into the ataosphere after aan's industrial 
activities. The burning of fossil fuels, coal, oil and natural 
gas coBbined with the smelting of sulphur rich ores are the priae 
sources of sulphur oxides. Sulphur oxides create about 
two-thirds of the acid rain problea with nitrogen oxides tha 
other third (Dotto, p. 3a). The amount of gaseous sulphurous 
Q'^^^^ eaitted in North America in one year is approxiaately 31 
aillion tonnes; 26 aillion tonnas are produced in the United 
States, 5 million in Canada. The group presented a graph 
il lustrating the various sources of sulphurous oxides and 
coapared the total emission in the U.S. and In Canada. 

A second graph depicted emissions of nitrogen nxiday. and 
illustrated that the oxides are by-products of exhausts froa 
cars and other foras of transportation (46X), with the 
rest coaing froa coal fired power plants and furnaces (54X)» The 
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U.S. products 22 Billion tonnes of nltrofen oxides with CanadA 
contributing 2 allllon tonnes, a lOM ratio (Choquette, p. 7). 
The oxides eeltted go through a series of chenlcal changes as the 
winds carry thei through the ataosphere. The group then displayed 
a eap of North Aaerlca with the lalor polluters listed according 
to their location and order of Importance as a polluter. This 
was followed by the role of the tall seoke-stacks and how 
prevailing winds carried the pollutants hundreds and even 
thousands of klloeetres froa the producer. 

Group 2: Areas of Canada and the United States Affected by Acid 
Rain 

Several naps were exhibited that Indicated those areas of the 
United States and Canada that were affected by acid rain 
including one indicating those regions of North Aeerica 
containing lakes sensitive to acidification (Still Waters, p. 151 
The eaps illustrated the aost seriously affected areas as being 
the New England-Adlrondacks in the U.S. and Southern 
Ontario-Quebec. St. Lawrence River Valley of Canada. This sap was 
then cospared with another sap that depicted the approxicate pH 
values of rainfall across the continent (Downwind, p. 7). A eap 
showing the ieportant sunaer and winter storm paths (Downwind, 
p. 7) was then displayed to verify the inforeation presented on 
the previously exanined aaps. 

Acid Rain in Quebec and Ontario 

In Quebec, the acidic precipitation ranges fron pH 4.5 in the 

south to a pH of 5.5-6.0 in the north. Group 2 toured the island 

of Montreal sanpling local waters with a pH testing kit. Their 

data indicated a pH level ranging froa 4.3 to 4.6. clearly a 
threat to Montreal's quality of life. 

Presently in Ontario 46.000 lakes are threatened with acidic 

pollution. The Sudbury area has recorded over 200 lakes too 
acidic to support any fish life. 

Acid Rain in Canada's West 

At present there is no evidence to show a serious problen 
existing In Canada's western provinces. 

Buffering Capacity (Uhv soae area>__irt_not affected) 

Soae areas of North Aeerica have a natural resistance to acid 
rain for although acid rain falls* there appears to be no 
appreciable difference in the pH of the soil or water. These 
areas possess natural buffers that are capable of neutralizing 
the acids. Vhan the natural bufftrs are axhausted the pH of the 
envircnaent declines and cecoees acidic. Alkaline salts* such as 
calclun carbonate ara excel lent buffers. The soil of Atlantic 
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Canada it poor in natural bufftrs and Is highly tutctptibtt to 
acidic precipitation. Tht Canadian Shitid, in tasttrn Canada is 
cotpof«d toftly of cranitt, which hat no ntutralirinc powtrt. In 
this rttpect, Ontario. Quebec, and New York State are constantly 

IT^^t rainfall, and have no natural i=ynity. 

gll^^fldlll that ar« alkaline alto pottetf natural buffers. 

,? i?"' furrounded by carbonate rich .oils have thit 

"o^tnJnrai: Sitr^Tci"."*''"*' ^-"^ 

group 3; Environ«*n^» | Effect* Acid Rain 

Not rjritricted to klllinc our lakes, the acidi are daeafing huean 
hea th. ean-oade structure!, wildlife, forests, .oils. and 
air cultural crops. Due to the cospllcated action of the acids 
on the envirc-aent the group reviewed the literature, suaaarisinc 
the effects as follows: 

Aquatic a nd Ulldllfe Effects 

Jlecreases below 5.0, fishlifc becoses seriously 
affected. Below 4.5 no fishlife exists. Hundreds of lakes in 
Ontario and the Adirondacks have already reached this point. The 
scenario that follows represents the decline In the aquatic 
envlronaent: loss of aicro-organisms (algae) resulting In 
declining nuebers of tnall invertebrates (claos. eussels, snails 
crayfish) and aquatic insects. Aephibians reproductive cycle is 
interrupted by the highly acidic spring runoff ana the fish 
reproductive cycle Is devastated, when even if the eggs hatch the 
fry arc often deforoed. Adult fish lose calciue froa their bone 
tissue - resulting In such deforaatlcs as hunchbacks. Aluainua 
(re eased froa the soil, accuoulates In the lakes) clogs the fish 
Jills resulting in suffocation. Aquatic birds are in danger due 
to a dwindling supply of food. The food chain of the aquatic 
nllliln?!^*^ "ffous^y disrupted. A graphic illustration was 
presented that showed the effects of a decrease in pH on various 
freshwater organisas (National Geographic, p.660). 

Atrlcult ure. Forests and So^ig 

Of prieary concern to scientists is the loss of nutrients froe 
the soil for as the pH of rainfall declines, eleeents are lerxhed 
froa the soil depriving plants of essential nutrients. The 
sulphurous oxides settling on the thick layers of snow in aost of 
northeastern North Aaerica acts as a potent dose of sulphuric 
acid when released in the spring runoff (Downwind* p. 10). An 
exaeple was provided of a lake that noraal ly had a pH of 7 
dropping to a pH of 5 when the spring runoff occurred. To 
deteraine the effects of acids on gerainating seedlings the group 
conducted an experleent of their own design froe which they 
reached the following conclusion: As pH becoees eore acidic 
growth changes froe noraal and near noraal, to none at all. 
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HuMn Hta ith and HAn>«>dt Structur^y 

Although th«rt li no dlrtct tvldtnce Unking acid rain to husan 
dlseaits. icltntliti luspect that rtsplratory allaents, 
bronchitis, asthu, ind tiphyitaa art troublt areas. Another 
danger to huaan nealth li the quality of our drinking water. 

Canada'* Parliament buildings art also being affected by acid 
rain. Tht sandstont blocks nnd aortar holding thea togethtr are 
cruabllng necessitating costly repairs (Silent Peril, p.l). The 
group presented nuaerous pictures froa the literature to 
dtaonstrate the daaage to architectural structures which In 
Canada and the United States, Is roughly cstlnated at 3 bill Ion 
dollars per year (Downwind. p.l4). 

Group 4; What's Belnt Done To Reduce the Quantity of Acid Rai n? 

COOPERATION Is needed to solve this problea. Neither country, 
the United States or Canada Is blaaeless. Industry has net (In 
part) government set ealsslon standards, therefore they deny 
blaae and are reluctant to spend the required finances. 
Scientists seek a total ban. or a severely reduced ealsslon rate 
to prevent total destruction of the envlronnent. The technology 
available to reduce the enlsslons of SO} In power plants was then 
described as was their efficiency and disposal of waste products. 

Ibfl Canadian non-ferrous saelters. luch as. lnco*s operation at 

Copper CLlff. ON. have reduced their emissions by Installing a 
sulphuric acid plant. These plants retrieve soae of the SO,, but 
■uch Is still released (Still waters, p. 41). Sulphur rich coal 
can be "washed" prior to burning* reducing the ealsslon of SOj by 
10 to 40X (Natlortal Geographic, p,679). 

The 46,000 lakes already suffering froa the effects of 
acidification In Ontario, will cost froa $4,000 to S40.000 per 
year, per lake, to treat with llaestone. Obviously. "Uaing" Is 
an etergency solution for certain lakes and streaas to restore 
desirable fish populations (Still Uattrs. p. 59). 

Nltrogtn oxide pollutants can bt rtductd significantly by placing 
strlcttr controls on autoaobllt talsslons. Canada, following tht 
U.S. In thtst laws, to control txhaust gasts Is consldtrlng a 
ytarly Insptctlon for urban vthlclts. Nltrogtn oxldts are 
txptcttd to decline In the next decades as aore fuel efficient 
cars are In operation (Still Waters* p.47). Drivers can help by 
using lead-fme gasoline, keeping autos well tuned, and adopting 
saooth driving techniques* then NO, ealsslons will be reduced. 

Ihl — Aeeffc^ns are unco*aperatlve In dealing with the acid rain 
problea. The last two presidents have stressed an energy 
stlf*suff Iclency policy* so power plants are converting froa 
burning foreign oil to Aaerlcan*alned coal. Ealsslons of SOt are 
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thtrtfort incrtasini, with Mny of tht ujor polluttrt txcttdinf 
tht tiission standards (Still Uattrs, p. 3S)f Tht U.S. 
Environatntal Protoction Aftncy (EPA) has unf ortunattly 
incrtastd the acceptablt tiission standards, such to Canada's 
disiust. Fivg Canadian provtncts havt adopttd laws to strictly 
tnforct tiission standards, but.iiiny citiztns considtr that It is 
illo|ic«l to takt such strinftnt atasurts to curb sir pollution 
as luch of our acid rain probleas orifinatt south of tht border. 

Group 4 contacted stvtral ftdtral and provincial atibtrs of 
parliiitnt to asstss thtlr knowltdft of acid rain and tht 
|overnient*s responsibility in stoppinf the pollutants. Host 
politicians were wiliini to talk to the students and were rated 
accordini to their knowledge of the acid rain problea, as well as 
their efforts to bring about an acceptable solution. 

In suimation neither governaent, federal or provincial, appears 
willing to drastically reduce the eaissions of SO9 and NO.. 
Antipollution laws are passed, but tiae linits are relaxed due to 
the high cost of abatement procedures. The Canadian governoent is 
lore concerned than the Aaerican governaent, but acid rain does 
not appear to be a high priority itea. 

General Conclusions 

Thelen*s aodel of group investigation stresses that education is 
not just a school responsibility, but a consunity one (The 1 en, 
p. 10). Our investigation on acid rain bridged this gap. 

The benefits derived froa our inquiry are aanv: That scientific 
knowledge was obtained is iaportant but iaproveaents were also 
seen in the areas of reading* thinking, writing, and in 
articulating findings for acid rain. These nurturant effects 
occur as a result of participating in the investigation. Other 
benefits froa group investigation can be sunsarized ass 

1. Total student involveaent in the learning prc^ess 

2. Personal aeaning to knowledge 

3. Heightens self-awareness 

4. Independent learning translates into aeaningful learning and 
knowledge. 

Hy role throughout the group Investigation was one of a 
facilitator. Like ly students I gained scientific knowledge on 
the acid rain problea, but acre Iaportant I caae to know each of 
ay students as individuals. Hy "free tlae** was spent counselling 
the groups, helping thea understand the readings, and arranging 
the Inforaatlon to be presented. 
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In th« axiBlnitlon of rtal-llft iclintlfic tichnology U»uii, thi 
goal if for taichari to uia ft ftulti-diiclpl inary ipproich. No 
ona ttst if lufflcitnt to utt thait niidi, Uhmt if riquirid ii 
tht uii of coMunlty riiourcii and i wtllln|nisi to co-opiriti 
batwttn toichirs And studinti. "Lift if ■ lociil prociss of 
inquiry* ittking to titftbliih i way of lift in which ill cm 
participfttt, and through which aach uy achiavt 
folf-raalization ** (Thtlon. pp. 158-159), w aehiavd thtit foalt. 
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A METHOD FOR TEACHING SCIENCE, TECHNOLOGY AND SOCIETY ISSUES 
IN INTRODUCTORY HIGH SCHOOL AND COLLEGE CHEMISTRY CLASSES 

H. Eric Streitberger (Professor of Science Education, Chemistry and 
Teacher Education, California State University, 
Fullerton, Cailfomia 92634, USA) 



Information In nflus reports Is often about "chemical lu** related 
problens and Issues of personal and, at times, 0^°^°^ concern. 
Examples Include nutrition and diet Information, drug abuse, 
pollution of the environment, nuclear radiation, ozone 
depletion, toxic waste disposal, etc. To deal with such 
problems and Issues In any realistic manner In the classroom, 
broad societal concerns e.g.! scientific, economic, social, 
political, religious, ethical, etc., must be taken Into 
consideration . 

Recoonlzlng the Importance of this type of reflective and 
critical thlnklnBi a number of state and national groups have 
encouraged the folloulng goals for the high school curriculum. 
These goals, uhlch also have Implications for chemistry at the 
college level. Include: "to prepare students to use science and 
technology In understanding and Improving Cstudents'3 dally 
lives'* CI 3, "to ap|3ly scientific knowledge to everyday life; 
and ta Introduce social and environmental Implications of 
scientific and technological development" CS3, "to use current 
societal Issues and^problsniS to meet the needs of our society 
and of students" C33, "to emphasize at all levels the social 
and human relevance of chemistry" C43i "to use attitudes and 
knowledge about science to live os an Informed citizen in a 
scientifically developed nation" C53, etc. 



Texts provide few. If any. systematic procedures for Involving 
students with societal problems and Issues In their lives that 
are related to chemistry, ^^n exception for high echools Is 
"Chemistry In ths Community" CCHEtl — C0t13, developed by the 
American Chemical Society. High school chemistry teochers 
generally ore reluctant to discuss Issues to any extent In 
class because the time thot is required le at the expanse of 
the regular subject matter C63. Approximately S0% of all high 
school science teachers emphasize goals directed toward 
preparing students for o nojor in o science in college C73. 
And, iesues in science ond society generally are not included 
in first — ysar college chemistry C63. 



To operotionalize the goals above, I have devi;.ad a method in 
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my introductorui oaneral aducation chamistru class which con 
also bm applisd in high schoal chsmistru* Students ars 
providsd with a list of sugosstsH issues from which they fnou 
select one as a project. Their task is to resolve the issue bu 
MKins cf a debate that is presented on paper. Examples are: 
"Should nuclear pJwer plants continue to be developed for 
domestic enurgu sources?" "Should public smoking be banned?" 
"Should all food odditivee be banned?" "Should steroids be 
Mode available to othletes?" "Should diet promotions be 
restricted?" Students are encouraged to choose issues of 
personal interest to them* 

The method, outlined below, requires no class time since it is 
for extra credit. Instructors have however, the flexibilitu to 
assign one or more af the issues for antual student debates in 
closs. The project is divided into seven parts, A to G, which 
may be selected in any number for completion. The only 
stipulation is that students begin with Port A and thot ';hs 
first three are in sequence. Each part is scored soparatelg 
and worth five or 10 points depending on its difficultg* 
Grading time is relatxvslg minimal since the work handed in can 
be scanned quickly due to the structured way in which it is 
presented. This includes a heading with the student's name, 
the issue in question ond the PRO or CON position taken. The 
write — up is completed and graded under the specified 
directions supplied to students in handouts. For a detailed 
copy of the handouts please correspond tuith the author. 



The following is a brief description of how the project is 
presented to the students in class for extra credit. 

Port ft C5 Dointsl; laaues Int:roduct Aon 

Select an issue, indicate whether you are PRO or CON, then list 
Cby enumerating j the reasons for your choice. Your reasons 
should bs carefully thought out but do not need to involve any 
research at this time. 

Port B CIO PoinfcaJ; Chemienl Backoround InFormn^lon 
Xerox a minimum of five articles Cor more if needed^ ulth 
che?;ical information an your issue. Your sources of articles 
should be from scientific Journals such as Chemical ft 
Engineering News, Science Digest, Papulor Science, Discover, 
Science BO to GS, Journal of Chemical Education, etc* Use the 
Education Index, Readers* Guide to Psriodical Literoture, Los 
Angeles Times Indsx, Nsu York Timss Indsx, for other sources of 
information. Underline all of the scisntific information in 
the articlss psrtoining to your Issus, then staple the articles 
to a ons to two pegs summary of the chsmical information on the 
issus in the articlss. 

Port C! CIQ pQintml; Debatlno the Qonpalfce of the Imnum 
Prepare to debate the issue in one to twc pages from the 



The Student Project 




766 



oppaaitc viewpoint thot you took in Port A. Thot is, if you 
first indicated you uere PRO on the issue, you will nou debote 
CON on the issue. Prepore your debate by ^ooking at a wide 
voriety of perspectives on the issue such scientific, 
economic, social, political, religious, ethical aspects, etc. 
Enumerote eoch point you uish to moke in the debate, then 
indicote in parenthesis at the end of eoch stotement the basis 
upon uhich it uos i^ade. Use CsciS for scientific, Ceco3 for 
economic, Csoc3 for social, etc. Remember thot you ore 
debating the OPPOSITE position from the one originolly token. 

Port D CID points:). Personnl Intwrvieu; 

Conduct on interview on the issue uith a person uho uses 
chemistry in his or her profession and uho is not a member of 
the foculty or a fomily member. Prepore questions gou plan to 
osk prior to the interview in order not to uoste time. The 
questions should be first obout the person's Job, i.e., its 
connection to chemistry and then obout the persro's position on 
the issue in question. Stople your notes, the person's nome, 
Job, time, dote ond ploce of the intervieu to the summery of 
your intervieu. 

Port E CID pointsit A Surveu on thn Tf^^^nfl 
Design on experiment involving o minimum of 40 people 
concerning their position, PRO or CON, on the issue. To do 
this, you uill' need to compore tuo groups of people 
Cexperimentol vorioble3 such as college versus noncollege, 
upper division versus louer division students, etc. and reosons 
uhy you chose this comporison. Before beginning, stote your 
hypothesis predicting a relotionship betueen groups of people 
Cthe experimental variobleD ond uhether theii; position is PRO 
or CON Cthe dependent or outcome variable^ . For exomple: It is 
hypothesi^ied thot louer division students are more likely to be 
PRO on the stated issue thon upper division students. Or, 
there is no significont difference of the percentoge of males 
uho are CON on this issue compered to the percentoge of femoles 
uho ore CON the some issue. Collect reosons from the 
respondents uhy they decided to be PRO or CON on the issue. 
Specifically, Jos their PRO or CON choice bosed on economic, 
social, religious, scientific, ethicali political, morol , etc. 
reosons. Staple together dato tobies, graphs, summery, 
conclusion and explonotion of the results. [Students are given 
a sample questirr.iioire thot could be used in the collection of 
doto . 3 

Port F CS rointslr Summaru qF the lasue 

Bosed on oil of your uork in the project, indicate uhat your 
position '*s nou on the issue and support this position by 
listing (^our reosons > Elaborate on eoch reason by meons of a 
feu short* statements Zir a )«aragroph. Indicate also on uhat 
perspective ^ach of your reosons is bosed i i.e., scientific, 
social, economic, politicol, religious, ethicol, etc., 
considerations . 
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Port B CS Pnints3! RacnmrnandQtiona Fnr Ftir»hT gtudu fh g 
lM7Mti 

Considsr oil of the infarmotian aquirod in the project on the 
issusi then recommend ot least ten «ub — issues For further 
studu* Eoch of the eub — issues is o refinement on the issue 
that could be studied by o clossmote in the future. 



Involvement in projects ollows students to vieui chemistry ond 
problems in society ond in their lives from brooder, 
interreloted ond more personolized perspectives. They must 
think extensively ond criticolly on topics ond practice 
importont writing skills to present their vieus. Also provided 
ore opportunities to design on experiment using "scientific 
methods** procedures- ond to exomine chemistry reloted coreers 
through personal intervieus. 



1. "Science ond Technology Education for Tomorrow's World"; 
N.S.T.A.: Washington, 19B5; p 10. 

2. "Tomorrow: The Report of the Tosk Force fcr the Study of 
Chemistry Educotion in the United Stotes"; A.C.S.: Woshinaton, 
1984; p 30. 

3. Kohallo, T.R. In -Reseorch Within Reoch: Science Education," 
Holdzkom, D.; Lutl, P., Eds.; N.S.T.A.: Uoshington, 1986; p 32. 

4. "Educoting ftmericons for the 21st Century"; N.S.F.: 
Uoshington, p 99. 

5. "Model Curriculum Stondords; Science"; Col if. St. Bd. of 
Educ: SocromentOi 1985; p S-1. 

6. Streitbsrger, H.E. Sci , Teach. 1977. 44, Ca3, 35. 

7. Kyle, U.C. In "Resiiarch Within Reoch: Science Educotion," 
Holdzkom, D.; Lutz. P., Eds,; N.S.T.A.: Uoshington, 1986; p 7. 
a. Streitberger, H.E. J, Cham. Educ. 1985, 62, 700. 
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Pre — Unlvermltg Educotion in Collfornlo, U.S.A. 



Elamantoru grodsB ora kltxlargortan Cogo 53 to g^'octa 6 Cage 113 
or to groda B Coga 133. Junior Mgh school Is gc'Qda 7 ond B. 
Somm school districts prafar th« mlddla school for grodas 6 to 
B* High school Is for grodas 9 to IS Cogas 14 to 17 or 1B3. 
Comnunltu college Is ganarolly ovollobla to odults in o 
vocotlonol or on ocodamlc component. The ocrdamlc: component is 
equivalent to the first two u'ors of the universitu curriculum. 
Entronce to the ocodemic component of communitu colleges ond 
the universitu is determined by completion of recommended high 
school courses ond exominotions. 



The monuscript hos opplicobilitu in science courses in high 
school ond in introductory science courses in community 
colleges ond in the university* 



Or. H. Eric Streitberger is Professor of Science Educotion, 
Chemistry ond Teocher Educotion ond the Choir of the Science 
Educotion Progrom ot Colifornio Stot^ University, Fullerton, 
Colifornio. His B.A. degree is in chemistry from the 
University of Northern louo; the Ph.D. is in science educotion 
from Oregon Stote University. Teoching experience includes 
high uchool science in the Stote of louo ond In »>;nericon 
schools in Germony; university undergroduote and ^roduota 
science educotion closses ond introductory chemistry lecture 
ond Ir.bcrotory. He hos published in educotionol Journols ond 
directed o number of Notionol Science Foundotion sponsored 
teocher in — service institutes. He is co — outhor of 
**FundomBntol Physicol Science Activities for the Middle Grodes** 
uith G. Corlson, CoMf. Stote Univ., Fullerton ond 
"Introductory Armchoir Chemistry: A Leorn By Ooing Text" uith 
H.N. Alyeo, Princeton University. 
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STUDENT lESPC^'SB TO TECHNOLOGICAL INNOVATIONS 
IN A SCIENCE METHODS COURSE 



Prof. Dr. Donald R. D«ugs (Depirtaent of Elementary Education 

Utah SUtc University; Logan, Utah 84322) 



Intcodcction 

300IA-5ci«not !• tht aciwioi ooopontnt of th« SOOIA ClenMtacy TMch«c 
Pctparation Pcograa t Ut4h SUtt Uoiwcsity. tTm acronyn SOOIJ^ is dicivwl 
eco« tht initial Ittttn o£ dtacciptiv* words (S«l£, otNm, DiaclpIinttSf 
ZapItMntatiorif and JU«ociatt Ttachiog), which rtpras«nt tht ta^phaais that 
i« placad at each Itvtl of tha pcogcatt* Tht SODU pcogcaa waa cittd for 
apacial caco9nitian Cot trcalltnca in ttachtc tducation at tht 1974 annual 
Mtating of tha Amacican Aafociation of Colltgta foe Ttachtc Education* 
SODIA-Scitnct waa ont of aavtn progcaaa ctcogniztd in tht 1985 National 
Scitnct Taachtn Aaaociation*Stacch foe Exctlltnct in Scitnct-Pctatcvlct 
eitatntacy Ttachac Pcapacation Pcogcaa. Tht atvtn 1985 award winntca "tt 
all HStK atandarda foe txctlltnca* 

In 1985 SODXA-Scitnct ctctivtd a thctt-^ytac U.S. Dtpactatnt of 
education gcant undac tht "Synthtaia and Uat of Rtataech in Education* 
pcojtct. Tht pucpoat of this funding waa to idsntify and docuAtnt 
rtatacch-baaad appcoachta to inpcoventnt of ttachtc tducation. 



Ttchnology; Rtlated Innovativt Ooucse Oogpcx^^ta 

Pctttsting 

Iht SOOIA-Scicnot pcogcan was modifitd in 1984 to acconoodatct oonctcns 
about scitnct conttnt btckgcound (Btcyyesaaf 1959; Laoocs, 1949; Ltcctc# 
1957; Rutltdgtf 1957; Nishact, 1961; DtRoat, 1979: Fitch, 1979)# scitnct 
ptootss skills (Bloaato 1969; McOacnottf 1976; Rowa, 1976, Suchs^ 1976; 
Victor, 1974), and natch bttwt^n scitnct topics taught to teachers and 
topics taught to childrtn (AAAS, 1970). Modifications included requiring 
all studtnts in tht BltMnUry Ttachtr Preparation Program to tabi Biology 
101 (5 cradita)f Chaaistry 101 (5 crtdits)* Otology 101 (5 crtdits)* and 
Physics 120 (5 credits) as pctrt<juisitts to a five credit scitnct Mthods 
couratf EL ED 40U All atudtnts rtgiattring for EL ED 401 nuat take a 
pretest to dtnonatrata acientific literacy. The pretest inclodes a content 
subtest with Life* Earth/Spaoe, and Physical Science sections; a Science 
Process Skills subtest; and an Attitude Toward Science subtest* The 
instruaent was aodtled after the 1932 British Columbia Science Aasess»ent 
(Taylor, 1982). Studtnts acocing lower than 80% on my subtest rust follow 
altemativa reaediation atrategiea. 

Ihe pcettat ia conttined on Apple lie ooapatible diskettes. Studtnts 
check out the pretest diskette froa a aedia center and eta aasigned an 
Apple lla ooaputer with printer, ihe disketU envelope includes printed 
atart-up inatructions. Upon coapleticn of the es:aa, atudenta follow 
diskette inatructiona to obtain a perforaanca printout. The printout 
Indudea an itea by itea perforaanoe record* a profile of perforaanca foe 
each of the aubtasts, and nn outline for suggested reaediation. Tha 
printout ia ahared with tha inatructor for counseling purposes. This 
pcootsa aust be ooapleted the first week ot the tera. Student respoise to 
the pretest, as reported on the 1986 rail Tera csnrse evaluation fora, is 
auaaaritad as follot/a: 
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PRETCST 



©©©©© 



Hannec of adslnistration 



35% 30% 22^ U% 2% 



PMlings About knouing your 

ooi()ettncits 
Procttdisrt Cor infonBlng of 

tMst ctsulta 
OouoMling pcocssa 



46% 



3J% 



50% 



35% 



1S% 



20% 



20% 



27% 



17% 



10% 



15% 



5% 



0% 



2% 



Conttnt nMHdiation 

Conttnt CBmdiatlon nay consist of auditing a content coucm/ cttaldng 
a content oodrM/ following a video-study guide pcoceduct/ or devising an 
individualized reaediation plan. TO date/ all students requiring content 
remediation haw elected to use the video-study guide optica Study guides 
are available lor life science/ earth/space science/ «id physical science 
(insights/ 1986). The video cassettes are Keyed to acconpanyin? study 
guides that are not only content relevant/ but ilso elementary school grade 
level appropriate. Every quarter a few students find it frustrating to 
devote the extra time needed for remediation. Students failing any part of 
the pretest ace informed that they have up to three quarters (9 months) to 
complete remediation requirements. These students perceive their entire 
time schedule for completion of their program falling apart. The initial 
response is panic. TO date/ their concerns have proven to be unfounded/ as 
all students have completed remediation within the tern they registered for 
the science methods course. Once resigned to the fact that they must pass 
a retest at the 80%. competency level before completing the science methods 
course/ all take the process very seriously. 

The two majcr assets of the video cassette approach are cost and 
student faniliarily with the technology. All student3 have used VCRs at 
home or in clas.iroou settings. The technology is no threat to our 
students. 

Video cassettes are housed in a media center. They are checked out on 
a four hour or overnight basis. Most students view them at home. 
Occasionally small groups of students view the cassettes on media center 
equipment. Student time devoted to remediation for a given content area 
has ranged from a low of four hours to a high of 32 hours. These timss 
include viewing/ use of the study guide/ and in some cases counseling with 
the instructor prior to cetesting. 

Retesting is conducted in the same procedure usad for pretesting. 
TestJ are contained on Apple ZZe compatible diskettes. When ready for a 
nstest/ students request the appropriate diskette from the media. specialist 
and are assigned to a computer with a printer. After testing/ students 
present test results to the instructor for approval and/or counseling. NO 
student has required more than two retests. 

Students completing the content remediation process rated the 
exparienoe highly. Uss than 2% of students requiring remediation ranked 
the process negatively on course evaluation foims. Upon completion/ 
students have a general sense of cokit^tence and assurance that they can 
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teach scltnct. tht changt in attitude from pet test to coapletlon of 
ce«ediatlan U very poeltlve* 

By ■Idterac aany students that passed the pretest have had positive 
feedbftdc £co« students using the eeaediation video cassettes. About 10% o£ 
the students passing the pretest fall term 1986 requested and used the 
content ceMdi«tian cassettes on their oun, 

Conputer-aediated videodiscs were also considered as a Mans of 
achieving reaediation* Equipment and videodiscs (Hof meisterr 1985) are 
available at the elementary laboratory school media center. Students are 
introduced to this technology in the science methods course. Student 
feedback indicated that no students used the technology after the 
demonstration. This response^ plus the high cost of programs ($1200 vs. 
$200 for videocassettes) resulted in the decision not to use this 
technology for science content remediation. 

Process SJdll Reoediation 

Students requiring remediation in the science pcocess skills are 
counseled to follow one or more procedures. All are counseled to attend a 
three-hour instructor-directed review of process skills. The review is 
open to all students: Sicill weaknesses identified vn the pretest are also 
keyed to specific activities in Sciencihg (Caine and Evans^ 1984) and in 
Stepping Into Successful Science Teaching (tewis# 1986). The latter 
reference also includes a video cassette^ "Introducing the Science Process 
Skills." Students are counseled to use these as they desire. Science 
process skills items are included on both a midterm and final exam. 

Student response to the science process skill remediation was 
generally positive. The video cassettes were heavily used. 

Science/ Technology, and Society Component 

Approximately 2/5 of the science methods course is devoted to a 
science/ technology/ and society component. This component was designed in 
response to findings summarized by Piel (1931)._ He concluded that as our 
society has become more technologically oriented/ the science curriculum 
has become less so. 

Although this component may not involve student use of technology in 
teaching/ it is reported in this paper because it reflects a general 
concern that implications of technology be a major part of elementary 
teacher preparation. Students are introduced to science/ technology/ and 
society concepts in two 1-1/2 hour class sessions. Then students are 
assigned to science professors in groups of five for six more 1*1/2 hour 
sessions in which thty investigate some aspect of science that has 
technological and social iiplications. 

Response from students has been very favorable/ but expense in terms 
of faculty time has been an area of concern. Issues related to faculty 
load and appropriate student activities have not been totally resolved. 
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Ooinwt«c-<1edi*ted Cucriculura 

Students c«c€iv» appcoxiioately 110 hours of foc«al coucs«worIc in 
coEpctec lit«c«cy pcioc to «xp08ure to the practical aspects, included in 
the science Methods course. This background is achieved in two required 
courses that deal with a variety of hardware and software applications «id 
their use in educational settings. 

Another aethods course innovation is based upon the Otah core 
Curriculuit. This document consists of a hierarchical arrangement of 
standards and objectives that must be achieved in Utah public schools. A 
computer-mediated resource file, the Science Resource Guide, has been 
developed (Oaugs» 1995) to accompany the elementary science part of the 
Otah Core Curriculum. The computer file includes lesson plans, references 
to elementary science textbcolc series, resources for gifted and talented 
students, and ties to other »jbject matter areas at the same gra<fc level. 

The computer-* liated resource guide serves as a resource for students 
in their practicuo. The practicum consists of a half day in «i elementary 
grade level classroom. A cooperating teacher assigns each practicum 
student to teach some science. Assignments are made by state Core 
Curriculum standard and objective numbers, students use core standard «id 
objective numbers to find the required resources on the computer menu. 

The Science Resource Guide is a sub-part of Project TIN:MAN 
(Technology infusion Network: Management, Administration, and Novel 
Instruction). The primary goal of this project was to develop, implement, 
and evaluate a total school program utilizing the latest in computer 
information technologies for the purposes of enhancing student learning, 
teacher instruction and class management. 

The Technology Infusion Network consists of a network of Apple 
microcomputers located in all classrooms and in a computer center at Edith 
Bowen Laboratory School, a grade K-5 elementary school located on the Otah 
State Oniversity campua. All computers are accessed to information and 
programs housed on a Oorvus hard disk system (Corvus, 1984). Computers can 
be operated within the Corvus system or independently through the use of 
floppy disks. 

In addition to exposure to the Science Resource Guide, practicum 
experiences include exposure to the management component of the Corvus 
system. This includes attenu^nce records, grades, school lunch data, «id 
item banks. The administration component further offers access to 
Appleworks word processor, data base, spread sheet, and the Science Core 
Curriculum. Novel instruction includes software in reading, mathematics, 
spelling, Qnglishr soci':l studies, science, art, music/ and al^^bet. 

Data collected by Pindley (1986) were summarized with respect to Edith 
Bowen Laboratory Sch I teacher response to Project TIN:MAN. It was 
concluded that the • .em is a 'good* computer mediated instruction 
approach. This res^ai-cher infers that Edith Bowen Laboratory school 
teacher response is a critical factor in science* methods class student 
response to TIN:MAN in total, and specifically with respect to the science 
Resource Guide. 
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fall ttca 1936, all students in thsir Edith Bowan Laboratory School 
practicua rtportsd using tht aanagaaant systaa and ths Scianca Rasourca 
Guida if tha Bdich Bowan Laboratory School taachar to which thay ware 
assiT^ad usad tha systaa. ri£taan studants vara assigned to thraa taachars 
not using tha systan. Nona at thase studants used tha oMnagemnt cosponant 
and only savan o£ tha fiftaan usad tha Science Rasourca Qade. About half 
of tha studants usad sc^ss cf the software casoucces* 

Student course evaluations of the Science Resource Guide # 
fipecificallyy and TIN: HAN in general # are very positive, itess are 
included on a aiid-tera exaa related to use of this technology. Fall tarai 
1966^ only one student in a group of 51 was not ^le to describe the systeai 
and how to use it. This was the sane student that had the very negative 
response to the pratasti as cepocted earlier in this paper. 



Further Research and Documentation 

The 1986-37 school year was the irst year of full program 
inple mentation* Feedbacic has been large. - qualitative. Initial data 
indicate ongoing anxiety for science and the pretest* Eioweverf it is felt 
that this anxiety is largely alleviated by the end of tha course. Student 
evaluations have documented this change. Initial plans are underway to 
further document anxiety alleviation by measuring physiological responses 
of the studants in a variety of settings. One experiment will measure 
responses in a computer mediated pretest situation vs. responses in a papar 
and pencil situation. Another experiment will maasure response shifts from 
pretest to final exam. The resulting physiological response data# 
complementing student evaluations, should document anxiety shifts. 

The negative response to use of the computer mediated videodisc needs 
further investigation. 

Long term effects of exposure to# and use of, project TIN: HAN 
components need to be invaatigated. At present, nineteen school districts 
in Utah have made the Science Resource Glide available to their teachers. 
Response has been variable. Pollow-up stuc'ies need to document the use of 
the technologies during student teaching «v] after college graduation. 

Educational System Information 

The pre-^university educational system in Utah is set up on a 
elementary school (r-6)i junior high school (/-9)i and high school )10-12) 
or an elementary school (K-5)# middle school <6-8)# high school (9-12) 
system, with entry at age five. Utah State University has an admission 
policy based upon demonstrated competence determined by a formula based 
upon combined scores in the English# mathematics/ natural science^ and 
nocial science sections of the American College Test (ACT) and the high 
school grades earned in the same subject areas. Mean ACT score for 
students entering Utah State University is ^0.3 and for the subgroup 
entering elenentacy education is 19.1« Students in the course discussed in 
this paper are usually in their third year of university level education. 
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UNDERGRADUATE SCIENCE STUDENTS' CONCEPTIONS 
OF TECHNOLOGY: A RESEARCH REPORT 
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Saskatoon, Saskatchewan, Canaa.: S7N CM) 
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This paper M^rtzsu^ undetgraduatae choBistzy students* views en 
the nciturs of technology in the liglht ot our thaoretical understanding 
of the nature of technology and its Interacticns with society. Ihe 
student views vere exnminad using a variation of the Views on ScJenoe, 
Technology, and Society Ins^irument [V3STS a2f*2] (AiJomhead, FXeoing, 
& I^an, 1987) eis veil as interviews with selected students. Ihe 
theoretical perspective used here is the result of an intense perusal 
of the literature fron the philcsophy and sociology of tedJ)ology 
vhich has cuLninated in the ncnograph Tachnological literacy (Fleoing, 
1987b) • 



Given the excellent collection of studies concerning the 
functionirg of science,^ it is interesting to note that few if any 
ooRparable studies have been done oonoeming the functioning of 
technology. Given the recent *<boaa** in articles and books dealing 
with the nature of technology (Sugllarello, 1986; Jonas, 1984; Kline, 
1985; MaOKem^ie & Wajonan, 1985; Nbnaan, 1981) , it was of interest to 
this researcher to examine the normative beliefs about technology that 
are fonxied during the undergraduate science education e>perience. 
Little is kncwn about the beliefs held both by prospective scientists 
and those \itx>, though studying science, have other occi:patianal plans. 
In Canada, prospective science teachers are drawn frcn both groups. 
Give:i both a national (Science Council of Cai^ada, 1984} and provincial 
(Fleming, 1987b) interest in **the T in ST5", knowledge about the 
beliefs about technology held by both tliese groups should prove 
invaluable both in the design of ST5 curricula thes^e people 
would btplement and the re-de<:ign of teacr*~j^ eduoition programs. 

There are data ocnceming the beliefs about technology and its 
g^^jiT interactions held by graduating Canadian high school seniors 
(AiJcenhead, Fleming, U Ryan, 1985, 1987) « If it should turn out that 
there are no significant differences in views on technology held by 
graduating hic(h seniors and undergrzkduate science students, it would 
nean that naxiy of the misccnc^Ttions held by those seniors (flesning, 
1987a) will remain part of the repertoire of future science teachers. 



A sairple of t^fo hundred students was drawn f rem classes in the 
ur^iergraduate chemistry program. Given the paucity of numbers in the 
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thixd and foslh yea:" ocurses (nine and seven students re^>actlvely) , 
all these students ymx used. OZ the ronaining 184 students, 60 vere 
aaoond year studmts and 124 wore flzst year students. 

Based oi denografiiic data supplied by the students, 25% of them 
listed their ooa^jational goal as "physicaa or biological scientist." 
Six pexoent listed their cxxa.ipational goal as **phyrjician.** Ihe 
renainingr forty pexxsent had oocupational goeOs suii as *^charaacist**, 
•♦hcne eooncamist**, ••famer", ••interior designer^*, ••agricultural 
repmantative**, and ••entrepreneur^^. 

afie researcher net these students during their first laboratory 
session of the year. Curing this tine, all students vere requested to 
write argianentative re^xxises to four pairs of statements fron VCSTS 
aK-2. Bws, 800 ••pair respcnses^^ were obtained. Given that twenty 
pairs- of statements fron VDSTS CIK-2 were used, 40 students respocdcd 
to each stateauent pair. Ihe nunber of responses should allow for 
theoretical saturation (Glaser t Strauss, 1967) . Ohe responses to the 
statanent pairs were analyzed using the method described by AiJoenhead, 
Fleming, i Ryan (1985, 1986) . 

Ihe analyses of these student re^xanses were i^ed to pr«>are 
questions dealing with the interaction of science, technology, aid 
^^1^1^ questions vera posed during semi-structured interviews 
with a stratified randao sairole of 30 stuJents, Ohe reajonses of the 
interviewed students were tj anscribed and analyzed using aetlwds 
described by Fleming (1986J and Goetz & LeCcdpte (1984) . 

sEsoncs 

All the results will be presented in the context of the aciyjgraph 
Ttechnoloric al Literacy (Fleming, 1987b) mentioned earlier. Ihe major 
themes frcn this ocno^raph that will be used in the discussion of the 
current researdi findings are: A meanii^ for technology, the 
relationship between science and technology, research & develoonent 
(R&D), and technology & social change. Given present space 
restrictions, the ten data tables which present the results of the 
analyses of student responses to VOeiS ciK-2 are not included.^ 
Rather, a sunnary of these responses is presented ani examined in the 
light of the themes described above. 
A meaninqf for technology . 

Siflply put, undergraduates studying science do not toow what 
technology is. Ohey egiiate technology with the production of 
artlfacte, particularly those artii^acts crea^ Froa a 

theoretical perspective presented by PaoQr (1983), these stixJents have 
a narrow view of technology vhich focuses not only on its proJucts but 
a^ on its ••Jaw-how". Ihey do not peroeiva technology as having an 
organizaional coB|)onent (the administration of technology policy, the 
needs of unions and oonsumers of technology) or a cultural coiponent'' 
Is^^ 2thi^^°^ ^ progress, habits of thinJdr^ in teSnical 
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Tha t^Blatiaiahip betwaen scienoft and technology 

Hhen qpecif icaXly aakad to do so, students differentiate between 
the tolas of science and technoloov. in such cases, 75% of sti^ents 
see thsir roles as interdependent.' ohis would fit very nicely with a 
acdel proposed by Barnes & Edge (1982) . However, in all thciee cases 
Inhere o^ch a role differentiation would have been useful, it was not 
&ade. Scienoe and technology were seen as having a unified role, 
labe}Ied technoscienoe (Fleming, 1987a) , The nest axtxsi role 
ascribod to this enterprise was that of finding cures for diseases. 
It appears that students do not know that technology has its own 
cultural resouroes. In most czises, technology was seen as subservient 
to scienoe, passively awaiting a scientific discovery it could apply. 

Another lnplication of the technoscienoe perspective is that' it 
appears that for apprxxdmatcly 50% of students, scienoe imst serve 
ut-Uitarian gofO-s. Acxxrding to Ziman (1984), this Instruaent (R&D), 
in the hands of society, could be used to cure a nuabir of social 
ills. It does not seen that scienoe in its pure or acadendc form was 
ever envisioned as such a tool. Nevertheless, hsUt the stulents 
interviewed believed in a social utility perspective cn science, nhis 
was reflected in their belief the research fording should be based on 
potential social utility. In other words, all scientific research 
should lead to seme develcpcient which would better our society. 



T^schnologry and social change 

OtecJinoloqy'p ran3ate is to chaige the very society in which it 
operates. This snclal change means that technology prccpts a 
redistriixition of status and power in the society. Over half the 
students in this study believed that the social changes wrxxight by 
technology resulted in social prtblcas such as uneaploycent and criine. 
The ocnputer was singled out as the loajor causative factor. 

Intere^tixigly, a ocnparable nuiiber of students adopted the 
technocratic position tnat scientists and er^ineers, by virtue of 
their trsL^Jiiifj and knowlec^e base, had the expertise to decide the 
direction of technologically-based social change. Taking the 
optiaistic view, the other half of the students adopted the denocrtitic 
perspect±V3 that the people should have control ever such social 
changes. A middle ground has been suggested by HaJDermas (1971) . He 
asserts that we live in a decislcnistic eocdety in which technical 
exi«rts are on tap but not on tqp. without farther prcblircr 
intervie*/s, it is nat )^DCMn whether students ni^t favor this 
perspective over n nore technocratic one. nevertheless, it setsc; 
cbvlcus that west students do not understand the nature of 
technological decision making in oontesporary desocracies. 



Underqraduate scienoe students, regardless of their career paths, 
are indistinguishable frm high school graduates when discussing the 
interactions of technology with soolety. One mi^t infer fttra this 
that pre-servioe teachers in scienoe and STS education are woefully 
mlsinfonned about contesporary ideas wish these misconoeptions to be 
ccnnunicated to our students, schools of education and teacher 
tndnim institutes must undertake the task of having students examine 
their nisconoepticns. Without t'lis examination, SIS education may 
collapse when confronted by the mis-education of its proposed 
practitioners* 
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fx naabcr of studies examine scientific wojic in its natural setting 
(latoir t.Woolgar, 1979; »iorr-Oetina, 1981; lynch, 1985). otlier 
stajdles fociui on scientific orrmmication, particularly tpo^di acts 
and written research articles, ihe fonaer has been foraalizad as a 
study of scientific discourse (MuUcay & Gilbert, 1984) . Bis latter is 
often referred to as "the organization of persuasion thro^ literary 
inscription" (Latour & Woolgar, 1979, p. 88). Ihesc studies, as well 
as those dealing with the practical reasoning of scientists (law & 
Williams, 1982; lynch, 1985), have offered clgnificant Insldht into 
scienlflc practice. 



^Ihese data tables, as well as a detailed discussion of their 
clgniflcanoe, are available fron the author. 
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SCIENCE; TECHNOLOGY AND SOCIETY EDUCATION - PROGRESS, 
NEW TEACHERS* PERCEPTIONS AND PROSPECTS 

A.J. Jennings ( Engla^id ) 



In his book T>aching and Learning about Science and 
Technology , published in I980i Professor Ziman suggested 
that it takes about twenty years for an innovation to 
penetrate the English educational system. Over the previous 
ten yearsi he claims i advocates of STS education have begun 
to w< n the curriculum arguments but that the principles have 
yet to be translated into action. Now, well into the second 
decade of this twenty year span# there are encouraging signs 
in terms of curriculum changes in schools and in public 
disposition to**ards science education. The question remains 
as to whether new science teachers are any better prepared 
for the task than their predecessors? 

Curriculum change 

For the new General Certificate of Secondary Education to be 
taken at the end of compulsory schooling there has been 
established a series of national criteria (DES# 1985). 
There are general criteria which apply to all subjects plus 
further criteria for all science courses and more specific 
criteria for courses in biology, chemistry and physics. 
While these criteria do not specify a national syllabjs they 
do ensure that there is a core of material which will be 
taught to all pupils following a particular subject to 
examinatitn level, regardless of the particular regional 
examination board syllabus being studied. Most 
significantly for our purposes, the science criteria require 
that all science schemes provide for pupils to gain 
kiiQwledge and understanding of scientific and tachr.clogical 
applications vith their social, economic and environmental 
implications. 

Additional encouragement in this direction has been given by 
a major Government statement on science education policy. 
After national consultations, the Department of Education 
and Science published in 1985 Science 5-16; a statement of 
policy. To many educationalists the policy objectives are 
not only acceptable but desirable. Many of them are highly 
relevant to the theme of this conference. Renewed and 
powerful emphasis is given to the achievement of a broad, 
b»l^()ced science education for all pupils. Thia could mark 
a radical departure from traditional ea?;ly specialisation 
vrith its tacit encouragement to girls to opt out of the 
«tudy of physical sciences. Broad, balanced science is 
already being exemplified in numerous GCSE examination 
courses leading to double certification in science rather 
than separate examination qualifications in biology « 
chemistry and physics. While it is too early to predict 
whether study of separate sciences to 16+ is generally to be 
replaced by various forms of modular or integrated science 
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cour««« othtr policy glials htr«ld additional changts. 

Sci«nct *ducation is to btcoat mora ralatad to tha world 
into which youn? paopla aca growing up. Practical problem 
solving is to ba an assantial ingradiapt of a acianca 
aducation which is to show acianca intaracting with 
industry, co«macca and family lifa. In othar words/ our 
scianca aducation should mova from its astablishad amphasis 
on pura scianca towards ganarating an awaranass in the naxt 
ganaration of tha natura of sciancai its craativa# 
inaginativa and cultural richness, together with its mutual 
intoration with technology and the profound social effects 
apd choices which scientific and technological advance 
provide* 

Public understanding 

To educators committed to science# technology and society 
education these policy objectives will seem far from 
original. Yet# while these movements have been taking placa 
in the school system, scientific matters have forced 
themselves into public consciousness through media attention 
given co in-vitro fertilisation, the spread of AIDS and the 
nucle&r accident at Chernobyl. The ability of citizens in a 
democracy to engage responsibly in personal and public 
decision-making on issues which require some scientific 
understanding has become a matter of concern. An ad hoc 
group of The Royal Society (1985) has published a report 
entitled 'The Public Understanding of Science *. In the 1986 
Bernal Lecture# Sir waiter flodraer# chairman of the Royal 
Society group deplored the narrowness of British education 
which leaves many people with virtually no understanding of 
science. Science education, he said, "should include a 
discussion of the social roles of science and its 
involvement in everyday life* and he i dded "understanding 
risks, probability and the notion of variability i.i an 
important part of science*. Lord Marshall, FRS# chairman of 
the Central Electricity Generating Board and 1987 President 
of The Association for Science Education has joined the call 
for STS education* He claims that his campaign to educate 
people about the risks involved in the use of nuclear energy 
would be much easier if the public had a better 
understanding of science. His lecture and booklet Your 
Radioactive Garden (1986) intended to restore confidence in 
nuclear power and government sponsored leaflets delivered to 
every home spelling out the facts about AIDS are examples of 
urgent attempts to inform the adult popiiiation* More 
significant for our purpose is the support now being given 
by establishment figures in the Royal Society and industry 
for science education in schools which has strong STS 
pe;:spe ct ives. Yat both the speakers mentioned also found it 
necessary to express cautionary words about the need for a 
good supply o£ quality science teachers who have appropriate 
qualifications and training. This is not a new problem. 
Professor J A Lauwerysi who began his aminent career at the 
London Institute of Education as a lecturer in science 
education, wrot« forty years ago 
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What 4vtrybody aaya wt nttd in schools are 
scltnct graduatfts who have been trained in 
scientific waya of thinking/ who hnve a good 
knowledge of the social applications of 
science and who are intereated in ita history 
and philosophy. What we get are persons who 
have been forced to purchase a specific 
acquaintance with recent researches at the 
coat of basic training and who have studied 
the advanced parts of their subject in an 
elementary way, instead of the elementary 
parts in an advanced way. They should have a 
broad and cultural education* fitting them to 
become guides for the young. They get# 
Instead, a narrow and specialised 
training ^ 



Professor K Keohane indicated in 1974 that the situation has 
changed little. 

...graduate scientists, who generally 
speaking are of high quality in their 
specialist 5.entific experience but whose 
univerisity training may have placed them at a 
disadvantage from the point of view of 
teaching 'across the breadth of integrated 
science. Furthermore/ their experience has 
seldom and regretfully placed much emphasis 
on the applications and implications of 
sci ence. 



Perceptions of science teacher recruits 

The author has sought to discover whether science graduates 
of the 1980*s are any better equipped for the new directions 
and objectives for science education. A5 one part of the 
selection process for science students wishinc; to take the 
postgraduate certificate of education at the London 
Institute of Education, candidates are engaged in a 
discussion on the nature of science and technology 
(Jennings/ 1964). Hany undergraduates in their final year 
still betray the weaknesses identified by tauwerys and 
Keohane. Those applicants who have already undertaken 
postgraduate research or have worked in a scientific 
industrial field bring an altogether broader and more 
enlightened understanding to the nature of science. Many 
final year undergraduates, however/ struggle with the 
oeaning of phrases such as * objective knowledge' and the 
'subjectivity of the scientist* and reveal ambiguity in 
their speech about the way they use such terms as *fact', 
'theory' and 'law'. While a small minority have studied 
some history and philosophy of science/ an equal number will 
talk naively of 'proving an hypothesis' . 
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To explore further their understandings of science^ 
technology and of the science education to which they aspire 
a series of writteo questions has been used to sample 
opinion and this survey has confirmed impressions gained 
during selection discussions. 

Of sixty science graduates surveyed there is general 
consensus that science comprises knowledge and methods^ is 
concerned with discovering explanations of the natural world 
and develops organised systems of relationship. Many 
students are sympathetic to the view that science involves 
imaginative, controlled curios^.ty but there is no unanimity 
as to whether biology, chem' icry and physics are mnn-made 
constructions. 20% of these teacher training applicants 
consider that the methods of science are neither elusive nor 
difficult for the layman to grasp and the same proportion 
think that science v*orks to a set of values which are 
objective^ value-'free and asepticl The predictive power and 
rationality of the theoretical representations of the 
natural world which science generates is not esteemed as 
important by 30% of the graduates sampled and while Ziman 
a53erts that the intellectual demands of s:ience are severe, 
this view is endorsed by only 30% o.l these would-be 
teachers. 

Not surprisingly their notions of technology were much less 
refined than their understanding of science. Most equated 
technology simply with applied science/ with the 
technologist seen as a person who appiie^ scientific 
insights to solve practical problems or tc achieve some 
human purpose. While most graduat-e? attribute the design of 
machines to make work easier to technologists/ 20% think 
thi3 task falls within the activity of the scientist. The 
uncertainties in the potential teachers* minds about 
technology is highlighted by divergent responses to such 
statements as 'technology is devising a means of crossing a 
river without getting your feet wet.* Discussion reveals 
that technology is, for many graduates in our culture/ 
principally associated with modern/ electronic devices. 
Even greater divergerje of opinion is provoked by the 
statement 'the scientist explores what is/ the engineer 
creates what has not been'. 

Despite ambivalence concerning the precise nature of 
technology/ these intending teachers strongly support the 
inclusion of technology as a component of science education. 
Further responses reveal that half the applicants consider 
that> science teachers usually fail to locate science studies 
in the context of everyday life and work. This is presumably 
a reflection on their own schooling and university 
education. A similar proportion consider that science 
education is carried on as though the historical/ 
philosophical/ sociological and economic aspects of life 
were non-existent/ but only a third of the sample attributed 
this deficiency to a lack of understanding of these issues 
by teachers. 
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An encouraging aspect of the survey is the idealism revealed 
by an overwhelming majority of the potential teachers who 
believe that a science teacher needs to be infinitely 
flexible/ curious and dedicated. There is also evidenc^i of 
a strong commitment to teach science rath»r than separate 
sciences. Perhaps due to the influence of the cur'-iculum 
developments :f the sixties this generation is near 
unanimous in its belief in the value of guided discovery 
methods in teaching combined with a substantial majority who 
reject the proposition that the primary taak of science 
teachers is to transmit knowledge of science. Nevertheless 
there is a healthy realism in the extent of the appreciation 
that much secondary school science is fixed and 
non-negotiable. ij-xca 

There are many indications in the- responses of this sample 
ot potential science teachers that STS education may receive 
a sympathetic response. While there is support for the 
traditional and classic view that learning science trains 
Che mind and teaches a person to think, importance is 
attached to solving problems rather than recall of content. 

^ «"PP?»^t given to the place of decision-making 

wxthin the science curriculum together with discussion of 
social issues and to moral considerations in 
decision-raakmg. Despite the uncertainties revealed about 
their own understanding of science there is an almost 
universal desire to teach science in ways that enable pupils 
to appreciate that scientific theories are subject to 
change. There is a matching concern to make science 
accessible to all young people even if this means paying 
less attention to the training of future scientists. 

Before new teachers start their training, they 
under-estimate the difficulties which many pupils experience 
m learning science. Their own academic success and 
interest m science may be the cause of this mis- judgement. 
Similarly they do not anticipate children's failure to 
perceive relevance in much of the science they are expected 
to learn. There is also widespread ignorance of the 
negative attitudes towards science which are felt by many 
young people and of the tendency for existinp science 
courses to attract convergent thinkers -ather than those 
with leanings towards imaginative, open-end^d activities. 

Prospects 

From this survey of science graduates prior to their teacher 
training it may be concluded that they are generally 
favourably disposed towards STS education. However, the 
substantial attention to training for STS teaching which 
Ziraan identifies as a necessity is profiably not usually 
achieved during post-graduate education courses. This is 
because the one-year course always promotes discussion about 
priorities for inclusion in the short time available, and 
while STS gathers momentum, other emerging topics such as 
science for a multicultural society and science for pupils 
With special learning needs compete for precious time. Like 



786 



i:S!!?*"^)fi! ''•'o?* Jh*"' teacher educators continue to lament 
that the majority of graduates stiU emerge £ro» their 

nh!l'^J!''J"°? "'f "^"^""^ knowledge of \he history 
?hf c °' f'^i*""- Nevertheless, consideration of 

the ASE Science and Technology in Society materiais (sATIS 
r'^^illV- °' curriculum units of the Industrial and 

P«"P«ctive3 for Initial Teacher Education (ICP 

MinJorL.^^* "'^^"^ u u ^""ther 
f.!i? " through students trialling and 

evaluating computer- software simulations which deal wi2h 
thi^^^ ■ 'oci'ty issues. Therefore, it would appear 
tu!ntv !.!"."°"^"'' 9f°""<^» optimism that Zimin's 

twenty year time scale for STS to penetrate the system 
•ffectively may not be too far out. Even the shortage of 
tft^?^!. particularly of physical science 

In^^r """^"^ progress of sTS education if 

opportunities for partnership with scientists in 
and ^ • • - 




sciencitic issues to promote better 
understanding on the part of tomorrow's ci izens. 
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The English School System 

Compulsory schooling begins for children aged five and 
transfer from primary to secondary education is usually at 
11+. The General Certificate of Education examinations are 
taken at 16+ at the termination of compulsory schooling. 
Students may continue their education in their secondary 
school or in a college of further education for two more 
years. At this stage Advanced Level examinations are taken 
and good passes in three subjects are the norm for 
university entrance. 

This paper relates to science education in the secondary 
stage of schooling and to teacher training specific to 
secondary science teachers. 

Con tribu tor 

Arthue Jennings is Senior Lecturer in Science Education at 
the University of London Institute of Education. He 
graduated in the biological sciences at London University 
and after teacher training, taught science at secondary 
level before becoming a teacher educator in 1964. 

Publications include Science in Schools - Which Way Now? , 
with Dr R Ingle, 1981 and Science in the Locality , 1986 
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TEACHER EDUCATION STRATEGY FOR SCIENCE, TECHNOLOGY 
AND SOCIETY EDUCATION 

Eknath V. Marathe (Lincoln County Board of Education; St .Catharines, 
Ontario, Canada) 



Introduction 

A well*«duc«ted citizenry im «■ vit«l to today*! world «■ a global 
villagt. Its continued advancamant ii neaiured by tha quality of adu- 
cition it! citizani enjoy# bacauia tha quality of education hai bacoma 
tha lignatura by which a conmunity can hopa to raaliza tha full poten- 
tial of itself as well as its aenbars. As the educational needs of a 
society baccrae increasingly crucial to its survival* specific policies 
must be established to guarantee their satisfaction within tha con- 
straints of the ecology* 

Since the individual is central to any open society* quality edu- 
cation naturally originates in the recognition that each parson is 
distinct and unique* Consequently, the privilege accorded to indivi- 
dual differences must logically foster the right of every citizen to 
an education supportive of personal distinction. A primary character- 
istic of quality education is its quantitative effect upon each par- 
son's increased capacity to control his or her own dlstiny* 

The crucial tools of today's human living include not only the 
three "Rs" but also those skills that allow the adaptation to the en- 
vironment - to live with - uncertainty and tolerate ambiguity - and 
the adaptation of the environment to the citizens - to analyze « syn- 
thesize and hypothesize. These "process-oriented" basics cut across 
subject matter lines to give persons a capacity for response in a 
range of situations. All this amounts to is to create scientifically 
and technologically literate citizenry* 

All education is the consequence of the response of individuals to 
enabling experiences - experiences provided to tha individual rnd ex- 
periences generated by the individual* The experj.ences should be pro- 
vided to the students to enable them to accompll^ih the following goals: 

- To discover and explore scientific phenomena; 

- To have sone experience with the scientific approach to the ra- 
tionalization of the results of investigations; 

- To develop soma understanding o.* the integrity of the process 
of scientific investigation and through tii«it the integrity of scienti- 
fic knowledge; 

- To develop soma understanding of the process of technologies! 
innovation and of the productivity of technology; 

- To explore the Impact of technology and the products of techno- 
logy on the quality of life and the quality of the environment; 

- To develop the interest, competence, confidence ar'^ will to 
continue to follow, throughout the next hslf century, scientific and 
technological developments in areas related to societal concerns; 

- To develop the appropriate technology for tha sustenance of tha 
society considering all of its aspects; 
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- To divilop the will and confidence to endeavor to participate 
critically in the formation of decisions in societal matters involving 
science and technology; 

- To develop to some degree en understanding of probability and 
statistics end the place of both in science and in the analysis and 
resolution of societal probletis; 

- To develop familiarity with the role of computers in the exten- 
sion of scienti*'ic knowledge and technological capabilities; 

- To develop the confidence to acquire competence in specific 
areas of technology closely coupled to the fulfillment of his or her 
professional responsibilities* 

These goals emphasise the sig .ficance of process and minimize the 
pressure to overload the ecademic experience with facts, and in so do- 
ing givs e person a refreshing degree of freedom in the selection of 
topics and methodologies of approach* 

As educators, what should we do to achieve the above-mentioned f 
goals of Science and Technology educff*-ion7 What strategies should we ^ 
implement in the education of Teachers in the Preservice and Inservice 
stages? 

Preserrice Stage 

In e society education is an extremely important enterprise be- 
cause the final product of this enterprise is a responsive and respon- 
sible citizen. The quality of a citizen in terms of moral, ethical, 
and literal stancZards, is determined by the educative process that the 
citizen has gone through* In this educative process at any level, the 
classroom teacher is the most important person* His or her dedication 
to the profession, teacher training, depth of subject matters, re- 
sourcefulness, readiness to innovate new research findings, and exper- 
iment with new educational technolocries will help tremendously the ed- 
ucative process* 

A model for preservice education of science teachers is suggested 
elsewhere^* We believe that a science teacher should familiarize with 
all the thirteen components of the suggested model* 

Research evidence shows that mastery learning is wore effective 
than ths conventional methods* We believe that the combination of 
mastery learning end the strategies that the model suggests will lead 
to achieve the goels of education that ero stated previously* 

The suggestsd model consists of the following thirteen components: 
Business end Industry 
Ccoiputers 
Criticel Thin)ciQg 
Decision Making 
Energy end Smrironment 
Future 

Hendicepped Children 
Human Brein 
Individuelizetion 
XiSnguage ecross Curriculum 
XoOMretory Safety and Instrumentation 
Piegst 

Velue Bducetion 
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Wt suggtst that th« ttachcrt should develop the following nanda- 
lory od optional topics* 

Mandatory: Basic Hathtmatics with applications 



Graphs; Graphing and Interpretation of graphs 
Probability* S^tistics and their applications in differ- 
ent discipl.'.;%es 
Measorenent ax.^ Theory of Errors 
Binomial Theorem and its applications 



Optional: With the following aspects: 



Science, Technology, Sociology, Economics, Politics, rele- 
vant student experiments, demonstrations and problewi sol*- 
in9, wherever' applicable and suitable* 



( 1 ) Acid Rain 

(2) Radiation 

( 3 ) Hypothermia 

(4) Earth's Koon 

(5) Greenhouse Effect 

(6) Smoke Detectors 

(7) Blood 

(8) Human Body 

(9) Comets 

(10) Rain Forests 

(11) Incandescent Lamp 

( 12) Solar System 

(13) Geothermal Energy 

(14) Automobile 

(15) Electromagnetic Spectrum 

(16) Waste Management 

(17) Tides 

(18) Cancer 

(19) Pesticides and Herbicides 

(20) Transportation 

(21) Energy 

(22) Computers 

(23) High Voltage Lines 

(24) Environment 

(25) Carcinogens 

(26) Maleria 

(27) Biological Cloc)c 

(28) Bra5n 

(29) Physics of sportP 

(30) Food 

(31) Industrial Revolution 

(32) Agricultural Revolution 

(33) Atmosphere 

(34) Lightning 

(35) Human vision 

(36) Sound and Moise 

(37) Meteorology 

(38) Nuclear Energy 

(39) Atom Bomb 

(40) Cybernetics 

(41) Laser 

(42) Haat Twap 
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(43) Periodic Tab Is and Elenents 

(44) water 

(45) Allergy 

(46) Camera Optics 

(47) Canadian Forests 

(48) Crayogenics 

(49) Evolution 

(50) Science Fiction 

(51) waste Management 

( 52 ) Cosmology 

(53) sv*r Wars 

(54) Satellites 

(55) Gasification of Coal 

(56) Nuclear War - Nuclear Wir*cer 

(57) Population 

(58) Genetic Engineering 

(59) Relativity 

(60) Eclipses 

(61) Volcanos, Earthquakes 

(62) Euthanasic 
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There are 12 provinces and territories in Canada* 

The starting age for Kindergarten is 5* 

The nujober of years spent in the school before graduation: 



Number 

of Areas Early Years Kiddle Years Senior Years 

2 K-6 7-9 10-11 

6 K-6 7-9 10-12 

2 K-7 8-10 11-12 

1 K-6 7-9 10-12 

1 K-6 7-10 n - 13 



There are no common examinations at the end of high school* 

Ihe areas where the total number of years is 11, it takes a student 5 

years to obtain an Honours Degree* 

The areas where the total number of years is 12, it takes a student 4 
years to obtain an Honours Degree* 

The Province of Ontario is an exception to the above* In Ontario, a 
High School Graduation Diploma is obtained at Uis end of Grade 12* To 
obtain entrance to any of the Ontario Universities, a student has to 
complete 6 additional courses called Ontario Academic Courses* In On- 
tario it takes an additional 4 years to obtain an Honours degree* 

In Ontario, all Science courses are being reviled and being intro- 
duced at the Grade 7, 8 and 9 levels in 1987, and subsequent years at 
other grades* At all levels, a component of curriculxim is Science, 
Technology, and Society (STS)* This paper will help Colleges of Edu*" 
cation to implement the luggeated strategy in preparing teachers for 
the teaching of science with STS emphasis* In the province I designed 
and have been teaching a course on STS for the last 9 years, on an ex- 
perimental basis, at the Grade 1i level* The course could be taught 
at the First Year University level also* 



jjl 4 The IPN (Institute for Science Education) is the research institute 
in science education with a national function in the Federal 
IPN Republic of Germany. Through its research work it aims to further 
develop and promote science education. It is permanently financed by 
the Federal Government and the Land Schleswig-Holstein, together vAth 
the other Lander. 
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iPN, Kiel, 4--12 August 1987. 
cScience and techholpgy edUr 
cation will be related to the 
quality of life vvith respect^ to 

- the impact on everyday life 
situations 

- decisions a responsible citizen 
has to make when dealing with 
(controversial) socieidi issues 

- the impact on future careers, 
and the polential in^pact on the 

O Mure) products of scientific 
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